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Part T 


VOLl'MK 


NOTES ON THE EXTRACTION OF MILK 
SUGAR FROM WHEY, 

Bv HKRBKBT KRXKST WOODMAN. 

{Aniitifd y idi'itiOH Hcsea/rh hislifutiofi. the L'nirersitif. Leeds. ] 

In view of the efforts wlii(‘li are beiii^ made to .secure increased 
tioii of cheese throii<.^liout the country, it is of importance that greater 
considt'ration slrould be given to tlie pi‘of)leni of tlie profitalde utilisation 
of tlie whey, wliicli results as a bv produc't of tin* chees«’ industry. 

Whevon an average contains (rb -T-bper cent, of sul)stance in solution, 
of which !)(l-70 per cent, is milk sugar. Its content of albuminoid sub- 
.stance amounts to roughly 1 ])er cent, and its fat content varies within 
fairly wide limits aet'ording to the method of cheest‘-malsing employed, 
the type of cheese (whole or .skimmed milk) made and the eflicieney with 
wliich tlie process is carried out. 

The following tigures give the conijiosil ion of aveiage saiipdes of fre.sh 
w liey ; 



I'‘lrisciunaiiti 

Vjrlh 

(i ['iiin skinnni'il lailK 

Wtilcr... 



Kat ... 


u-ou 

.Sua.ir ... 

„ 

>>'4.) ,, 

I’rolfiii 

I'lKI 

C '.)2 „ 

.\sl, ... 
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The fat content mav ho a.s low as tl-Ot per cent, in the wlnw resulting 
from the making of skimmed milk cheeses and as high as 1-bb per cent, 
in that obtained from the production f>f fatty idieeses. 

Apart from its use for feeding stock, and wliCiC condit ions arc invonr- 
able, probably the most prolilable method oj disjiosal of whey i.s the 
manufacture of milk sugai', for supplies of which, previous to the war, 
this country was almost wliolly dependent on the ('ontimmt. The ex- 
traction of the sugar is rendered a matter of dilbeulty owing to tin* 
presence in the wlmy of acirls, lactic {iiid acetii*, ol protein luid of salts, 
especially those of the alkalic.s. By the action of (he acids and .salts, a. 
portion of the milk .sugar is converted, during tlie (waporation oi the 
Joiirn. of Agric. Sci. x f 



2 ExtrarlUiii of Milk Sugar from Whey 

wh*‘y, into a iion-crystalline variety, and is consequently lost. The pre- 
sence of ])rotcin leads to frothing during the concentration of the whey 
in the vaciiuiti pans and is also liable to retard the crystallisation of the 
sugar at the later stage. It is of great importance that the final commer- 
cial product should be as free from nitrogenou-s constituents as possible, 
as the pre.sence of proteins affects the keeping properties of lactose 
{idvensely. 

Swiss rnelhod of preparation of laHose. Lactose has long been prepared 
from whey in Switzerland by a very simple, though ^vasteful, process. On 
tho Alps, where the necessary fuel can be obtained cheaply, whey is 
evaporaterl over fires in “cheese-kettles,” This process yields a residue 
of yellowi.sh-brown and very impure sugar, known as “sugar-sand.” 
This imj>ui’e ])reparatjon is subse(juently sold to the sugar refiners for 
purification. 

l’hor])e(i) gives the follo\\ ing details of the method. 50,000 litres of 
w liey are direcglv evaporated to dryness. The residue (1250 kgs.) is 
dissolved in water at 05"^ in copper pans, |-1 kg. of alum is added and 
the liijuid is filtered through animal charcoal. The filtrate is boiled down 
to the .syrupy condition and allowed to crystallise on wooden rods. 
The }'ic]d is 55-00 per cent, of the crude sugar. 

The main objection to this empirical method lies in the fact that de- 
coiii position of lactose in solution bcgin.s at temperatures above TO'’. 
("oMsccjucntly, any method \vhich involves continued boiling of the whey 
must be uneconomical and result in a considerable wastage of sugar. 

Outline of German, tnethodxi). To the whev is added dilute caustic 
soda until the solution shows only a weak acidic reaction. It is then 
concentrated in vacuum pans at 60-70^ to about j',,- its original bulk, 
when it contains abcnit 60 per cent, of substance in solution. The con- 
centrated whey is allowed to cool slowdv and the lactose, which crystal- 
lises out, is separated from the mother liquor by means of the centrifuge. 
The yield of moist raw sugar is about 3-85 per cent, of the w'eight of wLey 
employed or about 75 per cent, of the total sugar originally present. 

On boiling the mother liquor for a short time, the protein coagulates. 
This is worked up into “Ziger” cheese, or is fed along with potatoes to 
swine. The filtrate is further evaporated and allowed to crystallise. This 
results in the separation of a further O’O per cent, of sugar, making in all 
an amount of crude sugar equal to ‘1'35 per cent, of the weight of whey, 
or about 85 per cejit. of the total sugar in the whey. The residual mother 
liquor contains sugar, protein and mineral salts, including the phosphates > 
of calcium and potassium. It finds application as a fertiliser. 
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The riiw sugar is puritied in tiie following manner: it is dissolved in 
aboiD tliree times its weight of warm water (oD') in copper vessels and 
to tlie solution is added powdered bone charcoal and about 0-2 per cent, 
of acetic acid. After bringing to the boiling point, a little magnesium 
sulphate is added and the boiling is continued for several minutes. The 
solution is filtered from the sediment of phosphate and protein {wliich 
constitutes a valuable fertiliser when tieatod with sulphin i(‘ acid) and tlie 
clear filtrate i.s evaporated in vacuum pans at fio'' till it contains about 
GD per cent, of sugar. It is then allowed to crystallise in iron pans and 
the sugar is centrifuged from the mother Ihjuor. 

inoffiJiralTon of (irnuau. ouifiod. In the siuniuer of lOIti, 
when attention was being directed to tlie necessity for encouraging the 
}>Toductinn at fiome of ccrlain ju'odiicfs wliicli. pia'vious to the war, iiad 
l)cen almost entirely imported by this c(niiitry from foreign sources, it 
was suggested to me by Professor (Vowthei- that it would be useful to 
carrv out a .series of preliminary trials on the preparati(U5 of lactose from 
whev. Accordingly, at convenient intervals iliii'ing the progi’<‘.ss of otlier 
work, a Jiumber of experiments were made with a view to testing the 
efficienev of the (Jerman method. 'Die results given liere a/a^ necessarilv, 
under the circumstances, somewhat incomplete; hut it was thouglit, 
however, that they might furnish information ami data, of a pn*llminary 
character which nught prove of value, should a more comprehensive 
investigation of the subject he undertaken. 

in tin* (ferrnan method outlined above, it will be oh.serverl that no 
attemjd is made to remove the protein from the whey at the outset, so 
that the first crop of sugar separates from a solution containing appro.xi- 
mately 10 per cent, of albuminoid material. Trials were mailc in oi’der 
to ascertain whether, by coagulating the protein from the wliev hfdore 
proceeding with the evaporation, the met hod were capable of im])rove- 
ment. A modification such as this might have honefieial results in several 
ways. The evaporation of the whey in raentt should proceed witliout 
e.xcessive frothing. The sugar should separate from the concentrated 
whey more readily and should, in addition, l>e less contaminated with 
protein. It seemed possible in this manner to increase ])oth tlie yield 
and the purity of the product. 

Against these advantages, however, must he set certain obvious dis- 
advantages: 1. The extra cost of a ])ro(;(;ss involving initial coagulation 
arising from the extra labour, fuel and plant required. 2. The loss of a 
certain amount of sugar eari'ied down by the protein precipitate, 
d. Tile danger of "caramelisation"' of sugar during the coagulation 
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Kxtrdctioti of Milk Sugar from Whey 

prooos.H, owin'; to the necessity of heating to fairly high temperatures in 
acidified solutions. 

Ahdhjsis of HUfjfir fracdons. The lactose content was determined 
iiocorrling to the Soxhlet(3) modification of the Fehling’s reduction 
inetliod. About O-o gm. of the sugar was dissolved in w’ater and the 
albuminoid matter was removed by the addition of a few drops of lead 
subacetate solution. After taking out the excess of lead with sodium 
carbonate, tlie .solution wa.s filtered and made up to 250 c.e. 50 c.c. of 
the mixed copper reagent were heated to boiling in a beaker and 100 c.c. 
of the sugar .solution run in. The mixture was once more brought to the 
boil and the boiling was continued for exactly six minutes. The cuprous 
oxide which separated out was filtered on to a Gooch crucible, ignited 
and ^^■eiglled a.s cupiic oxide. The susar figures represent percentages 
of hvdrated lactose Jl^O). 

'riie prolein content of the sugar was determined by the Kjeldahl 
method. The protein figures were obtained by multiplying the nitrogen 
eoideiit by the factor 0-31. This factor is probably somewhat low, as 
wfiev also contaiu.s small amounts of “whey protein'’ with a factor 7-55. 
l)etermination.s of inorganic matter were made by igniting weighed 
amounts of the sugar at a dull red heat. Tn one or two cases, it was also 
neees.sarv to dcteirnine the amount of ether-soluble material. In every 
(■a.se, the ('slimatioii was made on material dried for a short time in a 
sleam-<tv<m. 


Tri.vi. I. 

2.1 litres of whey resulting from the production of Wensleydale cheese 
were concentrated in a vacuum pan at a temperature of 00-05'^ to a 
volume of 250-300 c.c. The acidity of the whey was .so slight, that it was 
unuece.ssary to add soda before proceeding witli the evaporation. No 
great trouble wa.s experienced with frothing. The roncenf rated whey 
was allowed to cool very gradually during a period of 21 hours to the 
ordifiatv temperature, and the milk .sugar which crystallised out was 
tiltered on to a j3uchner funnel and subsequently dried in a vacuum 
desiccator over 112 ^ 04 . The yield of sugar was 87 gm. (3*18 per cent, of 
tfie amount of whey employed). It was only very slightly discoloured 
and gave the following results on analysis: 

( jTstr\llinr lactosi* 

Protein 
Ash 

Ether extract 


3 - 7 -) 
2 ' 8.5 „ 
1*70 „ 
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The large percentage of ether soluble material is explained by the 
fact that the fat was not separated from I he whey ])reYious to evapora- 
tion and was consequently carried down dui ing the crystallisation process 
bv the sugar. This would not, liowover. occur in actual factorv practice, 
as the whey would be r\in through a cream separator l)efore nndergoirig 
concentratioti. A portion of the suirar was exti acted with e(her and the 
percentage of lactose in tlm product was then found to be SKt percent. 

The mother liquor from the first ei vstallisation was next lieate^l to 
l~r in the water batii for a few minutes and the coagulated protein was 
filtered oif and washed with uai'tn water. Tlie wasliings were iulded 
to the main bulk of liquid. 

of (Tudc' :24'S i/ni, (uliuiil ! porci'nl. uf wlicv). 

.\fter making the filtrate from the ])nU_ein almost iieiil ral bv the addi- 
tion of soda, it was fui'thei’ concentrati'il in njcim at Ti.V. On i*ooliin!., a. 
second cro]> of sugar separateil out. 

10 ^iaiii.< (()'4 of wliry). 

( 'c>iii[)osilion : 

(.’rystalli no lactiist' ... 

I’rotc’in ... ... :{(i7 ,, 

Ash a-Tll „ 

ApjW'iiraiu o : .sHlOhIv’ (tiscolouicil. 

The mother licjuor was again brought almost to iientralitv with so<{a, 
(‘vafiorated to a syrupy ('(msistenev r)n the water bath and iioxadaled 
with a cry.stal (»f lactose. After standini:- I liour.s. ;i liirtln'r ‘3) gm. 
(0-S per cent.) of impure hnovn sugar crystallised out. 

('ofi(|ai.si(iuii : 

CrystalliiK* lactose ... .SlUe",, 

... H I," .. 

Ash il-lO .. 

The residual brown mother liquor wa.s analvsed with the following 
results : 

Daetoso ... ... 0-Lh"> yrams 

7'21 

Ash 7Jn .. 

OVh 

aoi 

The figures indicate that the separation of the. protein by coagulijiion 
of the concentrated whey after tlie removal of tlx; greater part of the 
sugar was by no means complete. 
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Trial IT. 

Fn this trial, the bulk of the protein was removed from the whey 
}j(!fore concentrating in rnruo. As a ])reliniinary, several trials were made 
in order to ascertain the best method of coagulatin;:! the protein, keeping 
in mind the fart th.at working at high temperatures would result in the 
decomposition of some of the sugar. 

It was found possible, esyjecially when dealiiig with sour wheys, to 
efiecfc coagulation b\' heat alone at 85-DCl^\ When working with fresh 
.sweet whey, hrjwever, coagulation was brought about more readily and 
at, a .soiriewhat lower tem[)erature in the pre.sence of a little acetic acid. 
A sample of fresh \Aen.sleydale whey was heated to 82’ in a water bath, 
at which temperature no sign of coagulation was to be observed. On 
the addition of a few drn|)s of acetic acid, however, the protein imme- 
diately .separated out. In no case was the removal of protein anything 
like complete, due partly to a protective action exerted by the sugar in 
the whey. 

The coagulation was carried out in the following manner: The whey 
was Ijeated to 75’ in a water bath and to it was added acetic acid (0-5 c.c. 
glacial acid to every litre of whey). At this temperature, the coagulation 
began and it was completed by raising the temperature gradually to 
about 82°. 

An interesting observation was made in tests where acetic acid wa.s 
replaced by phospboric acid. Coagulation of protein occurred if only 
small amounts of phosphoric acid were added; if the amount of phos- 
phoric acid were increased, however, coagulation was prevented alto- 
gether. In two tests with 300 c.c. of whey, 2 c.c. and 3 c.c. of 50 per cent, 
phosphoric acid were added respectively. In neither case wa.s coagulation 
bnnight about even at the temperature of boiling water and the addition 
of a little acetic acid at this stage also failed to cause the separation of 
the protein. 

The protein was removed from 2500 c.c, of fresh AVensleydale whey by 
the method outlined above. After filtering of! the protein (yield 23 gm.) 
on a folded filter paper, the clear filtrate was made almost neutral by 
the addition of dilute caustic soda and evaporated to its bulk in a 
vacuum pan at 65’. The sugar, which crystallised out on allowing the 
concentrated whey to cool slowly, was filtered off and dried on a porous 
plate placed in a vacuum desiccator. 


Wc'iulit of crude sugar, S16 gms. (3-84 pn’r cent, of whey). 
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The analysis of the dried sample gave the following results: 

CrystaUine sujiar IKi t)5 

IVntriil 2'iri ,, 

Ash 4'0() „ 

After making the mother liquor almost neutral, it was further con- 
centrated fn lYfcno at 65“. The sugar which came out on cooling was of a 
pasty nature and was separated from the mother lujm)r iiy means of 
the centrifuge. It was then washed with a little alcohol and tlie dis- 
coloured mass was allowed to harden on a porous j)late. After powdering 
and drying, it w'as submitted to analysis, 

Jr> uiii. (1 of wli(“y) 

( 'onipo.sit ion : 

(hysfiillmo Lu'tfw ... S4 :{() 

I’rofi'iii ... ... li'+O 

Asii ■ 

The mother liquor from this ci vstallisation failed to yield a tliird 
crop of crystalline sugar after being further concentrated. 

Trial III. 

This was a repetition of Trial 11 with 21 litres of another .samjde of 
Wensleydale whey. The following results were obtained: 

Isl orop. 

of ci'iidc 77 iriu. (:M)S of \stiry) 

('oiiUK'^'ition : 

Crystallino ]u.-tosc ... (CPLi 

i’i'ofoiri 

AkIi 2-72 ,. 

KtlnT solut4(‘ ... n-4.7 ,, 

2ii(l crcjj). 

Yield of enide suoiir: !l) <jni. ((1-4 of winy) 

C(jni])osition: 

Crystalline lacfnse 77'SO 

Protein 4--’0 „ 

Ash lo7.7 „ 

It was not possible to isolate a third crop of sugar in the crystalline 
state. 

From these trials, it would appear that little is to be gained regarding 
yield and purity of sugar by initial coagulation of the wdiey protein. 
The sugar from Trials II and III contained very little less protinn than 
that obtained from Trial 1. The results of Trials II and III (especially 
of III) gave evidence of partial “cararnelisation ” of the lactose during 
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tliu coa^iuJation process, as it was ditficult to obtain more than one crop 
of stij/ar in the crystalline state. In Trial J, the sugar crystallised rpiite 
■siitisfactorily from the concentrated protein-containing whey and the 
subsetpjent coaguhttion of the protein was brought about j’eadily at a 
faii'ly low temperature and without addition of acid. 

Trial IV. 

Tlio details of woj'king Veere altered somewhat in this test. To 
2.] litre.s of fro.sJi sweet whe\' were added oO c.c. of Derbv whey which 
had been allowed to sour. The nii.xture was heated in a water bath. The 
[protein began to .separate f>ut when the teni])eratiire of the whey was 
iS()-8.‘V" and tiie process was cmnpleted by gradually raising (he tempera- 
ture to I)'!" (luring a ])eriod of ten minutes. 

The albuminoid matter was removed by hitration and the filtrate 
was neutralised })v the addition of alumin.a erc^am. After shaking the 
mixture ^’igorously and filtering, the clarified liquid was concentrated 
to a volume of bOO c.c. in a vacuum ])an at 60^. To the concentrated whey^ 
wa.s added animal charcoal and the mixture wa,s brought to the boil. 
2 gin. of MgSOj and 1 gm. Al^(tS04)3 then added and tlio boiling 
v\as (‘ontinued for three minutes. After filtering, the solution was clear 
and almost ccjlourless. 

The filtrate was further concentrated to about 200 c.c. in vacuo at 
00° and flic residual lifjuor was allowed to cool slowlv. The lactose was 
liltered off on a J^uciincr funnel and washed with a concentrated solution 
of lactose. The sugar was then brought on to a porous plate and dried in 
a vacuum desiccator over 112804. 

Vicl<l: so ;/nK of wfiry) 

(.'j-yslalliiK' tnrttw ... 

I’tolcin ]-.'>0 .. 

Ash l-()0 .. 

KUie')' extract ... Ovk-E' 

This method gives a sugar of very fme appearance, and of greater 
]mrity than that obtained from any of the other trials. There is, however, 
an increased danger of partially ‘'caramelising'’ the sugar during the 
process. 

Purification of sugar samples. Test.s were made with fuller’s earth 
as a decolorising agent in the place of animal charcoal. Below 60'\ 
fuller’s earth only effected slight improvement of a brown lactose mother 
liquor; if the solution were shaken for about 10 minutes with a little 



H. E. AVooD>rAX 


fuller's earth at a temperature of 70-75^, a marked improvement resulted 
on tilteriiig. Under the same conditions. I lie turbidity of a solution of 
lactose crystals was removed. 

At all temperatures, however, animal cliarcoal proved more etlicient 
in this respeot than fuller's earth. Alumiim cream at the tu-dinary tem- 
perature also etfected a slitxht improNeinent in the a])peiU'ance of t\irhid 
.solutions of rriide su^ar. 

(1) ‘20 u'Ui. of the first crop of fat-containiiiLi supn- obtained in Trial 1 
were dissolved in 120 c.e. of hot water. After addinj^ a little .MyS(\ and 
fullers eartli. the sohilion was placed in a water bath at 7l)-7r)’’ for 
10 minutes, diirinjr wliieh time the flask was fre(|uentlv sliaken. Tlie 
solution was tiltered and evaporated in racuo at bO*^. On ^'oolin^, 15 ;;m. 
of suizar separated out, which when <lrie(l <ia\e the following results on 
analysis; 

( 't ystaltiiU' liictds*' ... Of) .'S 

l^r()(<-in ... ... () -in 

Asli .. 

Ivthrl rxlnu f ... O'.'iU 

Most of the protein and fat had in this Jiianner been removed. The 
higli ash content a rose from liaving added more .MgSOjtlian was necessary. 

(2) bOgm. of the .same sain])Ie of sugar were recrystallised l)y dis- 
soh ing ill 2-10 c.e. of warm water, adtling animal chareoal. and after 
bringing the solution to the hoil. a pinch of l^lgSO^ and 0-5 c.c. of glacial 
acetic acid. The boiling was prolonged for 1 hree ni’iintes and t lie sohif ion 
was I hen filtered and evaporated to crystallising point in racno at . 

<if sugar: giii. 

('otnpo.sifit)n : 

Cr\ stiiiliur lavtust' ... 9S'(ia 

Frtilein ... ... 0-(>n 

.A.sh 0 (il „ 

(.’{) 17 gm. of the first crop of crude sugar from Trial III were re- 
crystalli.sed in a .similar fashion, using animal charcoal, MgS 04 and acetic 
acid. A yield of 37 gm, sugar wa.s obtained, with the following compo- 
sition : 

Crystalline lactose ... 9S-5;i 

i'rotein ,, 

As)i 0-41 .. 

(4) 2b gm. of the .same sample of crude sugar were purified by boiling 
the solution for tliree minutes with a little fuller’s earth and MgSO^. 
A yield of 14*5 gm. of sugar separated out from the filtered lit^uid, after 
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concentration in vacuo and subsequent cooling. The dry sugar was 
analysed and gave the following results: 

Crystalline lactose ... 98’84 

Protein ,, 

A.sli 

(o) 15 gm. of the third crop of impure sugar from Trial I gave 10 gm. 
of recrystallised sugar after purification with the use of animal charcoal, 
MgS04 and acetic acid. A great improvement resulted in both appear- 
ance and purity, the content of protein and ash having been reduced 
to 1-04 per cent, and 0-68 per cent, respectively. 

Iron content of conunercial milk sugar. The question arose as to 
whether, during the evaporation of the slightly acid whey in iron vacuum 
pans, any appreciable amount of iron would be dissolved. In order to 
settle this point, the iron content of whey after separation of the butter 
fat was determined and the same determination was carried out on the 
.semi-solid crystalline mass, which was obtained on evaporating the same 
sample of whey to its bulk in an iron vacuum pan. 

The dry matter was determined first on a weighed amount of the 
sample. The residue was then ignited at a dull red heat and the last 
traces of carbon removed with the aid of a few drops of concentrated 
nitric acid. The amount of ash was determined. 

About 0- 1-0-2 gm. of tlie ash was weighed out and dissolved in a 
little dilute nitric acid. The volume was made up to 100 c.c. Into each 
of two Ncssler glasses were pipetted 10 c.c. of 10 per cent. HNO3 and 
5 c.c. of 5 per cent, potassium sulphocyanide. Into the one glass was 
then run 5 c.c. of the ash solution and the volume was made up to the 
50 c.c. mark w’ith distilled water. The latter was also added to the con- 
tents of the other glass until just short of the 50 c.c. mark and then a 
freshly made solution of ferrous sulphate {0-01 gm. Fe per litre) was 
added drop by drop from a pipette nieasuring to 0-01 c.c. until the pink 
colour in the first glass was matched. From the volume of Fe804 solution 
added, the amount of iron in the sugar ash was estimated. 

Sam.j)h 1. (Whey after separation of butter fat): 

Dry matter 6-35 % 

0-70% 

Iron 0-00005--0-0001 % 

Samflc 2. (After evaporation to about bulk): 

Dry matter GT-OO 

Asti 7G5 

Lactose 46-84 

Iron 0-00161 „ 
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It will be seen that the original whey contains the veriest trace of 
iron. After evaporation to somewhat less than the initial volume, 
the value of the iron content indicated that an extremely small and 
nciili^nble amount of iron had been dissolved from the vacimni pan. 

In conclusion, 1 should like to ox]>ress iny indet>tedness to Professor 
t'rowthcT. who not onlv suggested tliis work. Imt also (dfered helpful 
advice during the carrying out of the trials. 

RRFKRKNCKS. 

(!) T}n>rpts Dictionnrii of Applied 2, p, (ilU. 

(2) (,}. ZlRX, Milch. Zfg.. IStiy pp. IS! ;inil 45)7. 

p{) So XU LET, Jouni.J. prnk't. ('Jiimie, 21, 1SS(I. 227. 


{Rccrirfd June 1 ///. 11 ) 19 .) 



JxNVESTIGATlONS OF THE HAIR OF DIFFERENT 
BREEDS OF CATTLE. “ 


Hv Dr JOSFF ('AMKIv. 

[Ffom llic. Vderinto'}! Insllhite and ihe 1 tisdtah' of Anitnai ludn.dnj at the 
Fahitechnic IHf/h School at Pfafjac. Director: Profcssf)/- llieodor K</s])drek \ ) 

!\Ian'y autlio]-s, for oxam]ile, Scttegast, Pusch, Kasparek, Kraemcr and 
]{ostafinsl<i, ]la^'c attenipte{l to draw coiielusioiis concerning age, quality 
ajid breed of cattle from tiie type of hair produced. Exact investigations 
of the lengtii and other features of the hair are. howc-ver, rare in the 
literatuj'e. Pilek has recejitly made some iiive.stigations of thi.s kind under 
tin- direction of Professor Kaspar(A'. and has estimated the relation 
i)etwecn the medulla and the fibrous layei“. and has shown that the cross 
section of the haii' is sometimes circular and at other times elliptical in 
shape. As a result of his investigations he came to the following con- 
clu.sio ns: 

I. The hair of bulls has usually a thicker fibrous layer thati that of 
cows. The cross section is dilTereiit according to sex. The liair of a bull 
])resorves its circular cross section more than does that of cow.s. 

'2. There is no rcTationship between the colour of hair and the de- 
velopnient. of tlie fibrous layer and the medulla, but exception must be 
made with white hair, which in botli sexes has a niedulla of greater 
diameter than coloured hair. U'hite hair in all breeds of both sexes is 
flatter than coloured hair. 

3. The hair of pi'airie and valley cattle lias a. more .strongly developed 
fibrous layer than that of mountain cattle. 

4. The nature and the form of the hair is closely connected with the 
breed of cattle involved. 

d. The differences due to breed were investigated in the ca.se of 
Montafon, East Friesland and Red Bohemian cows at the age of three 
?iionths. The fibrous layer is less developed than in grown-up cattle, 
and the proportion of ?nedulla to horny layer is decidedly increased. The 
increase in the latter with age is to be cojisidered as a peculiarity of these 
breeds of cattle. 
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0. The rehitioi) ship between the dui meter of the lueiinlln to the cortex, 
which is a characteristic of the original sto<*k. ivmaiiis unchanged, even 
when the animals arc transferred to other cnuntrics, and is not intluenced 
hv insufficient, feeding and selective breeding. It is supposed that the 
lelation between the medulla and cortex in cross bred animals of two 
hcTcrogoneous breeds shows the dominant or recessive characters just 
a.s much as other morphological t)r jihysiolngical characters. 

7. There appears to be no fixed law which relates (lie diameter of 
tlie hair to tlie brood of cattle. At the suggestion of Ih'ofessor Kasparek. 
1 have further investigated these ([uestions. and have attempted to 
ascertain tlie lengtli. width and ash content of hair in dilTorent animals 
according to their sex ami breed. It is well known that in animals under 
civilised conditions majiy external circumstances influence the length 
of the hair. Ihisch .states that witli a favouiablc stable tem])cratur(‘ of 
It>-j8 (h and good feeding and regular cleaning, smooth, glossv and 
short hair js {iroduced. 1 n the case of bad fi'edmg the liai r of voiing eat t le 
is tliiek ami long, even in suininer. He ohsm veil. howan I'r, that (he. hair 
of young cattle was long and wavy wiien they were fed with whole milk. 
Kurtlier, it is known that the hair of bulls is rougher and coar.ser than 
tin’ hair of cows of the same lu'eed. Wernei' savs tliat the long hair in 
well fed young aiiinial.s of ty[)e breials, with well developed skin tissue, 
always have long, soft and curlv hair. 

The influence of climate has also much to do with the eliaracter of 
the hair. In an unfavourable climate where animals graze during cold 
nights and arc kept in the opini air. coarse and long hair is produced, 
.\nimals which arc at grass in the lattm- part of the autumn have longer 
and denser hair than animals of the sarm' breed wliicii an' ke|)l. indoors. 
Kraemer observ ed that the coat gets longer, stronger, and more elose in u 
cold, damp (‘limate. On the other hand, a iiot climate produces .short 
ami thin hair. It is well known that the. coat whirli apjiears in spring is 
.short and does not grow until tin* aiituinn. At this tinn' t he undercoaf 
ajtpears. hy which the liaii' becomes longi'r and denser. This <'ontrar]icts 
Schwalbe s assertion that the winter coat is not so dmi.sc' a.s tliat in 
summer, and that the hair which grows in autumn is rhicker and longma 
Kostafitiski has the same opinion. Init dons not think tlnu; the. hair in 
winter i.s thicker, Schwalbe’s olisto’vat ions \moc. made on ermines in 
Swerlen, where the .summer temperature is low, ills tigures do not coin- 
ehie with those of Rostatinski, who says that cattle have no undercoat 
at all in summer. This appears only in the autumn and is shed in the 
spring with change of hair. 
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Hair of Different Breeds of Cattle 

According to Settegast, the length of hair is said to be different for 
different breeds of cattle. Well bred animals have fine, soft hair and fine 
skins. The diameter of the hair is diminished by breeding. 

Concerning the ash content of hair, little is to be found in the litera- 
ture. Ellcnberger states that the ash content of ox hair is 4-6 per cent, 
of the undried hair. Certain statements will be found in the Animal Hair 
Atlas of Waldayer, who says that dry hair contains 0-5-0-7 per cent, of 
inorganic material, and that the darker hair is, in general, richer in iron. 


EXPERIMEXTAL. 

The hair of the following breeds was investigated; Lowland animals, 
black chequered and red chequered Dutch cows, red chequered cows of 
East Erie.sland, shorthorn brown Alpine cattle, Montafons and Swiss 
breeds, shortlieaded dark red Pinzgauer, Frontosus breed, roan coloured 
and ligiit coloured Sirnmentaler cattle from Yenc and Smyric in Bohemia. 
A large part of the investigations refers to cro.ssbred animals of the Hanak 
red cheijiiered country type from the district of Litton in Moravia. This 
breed has been crossed by bulls from Bern. The hair was collected in 
November, December and January, at which time the greater part of 
the coveiing hair had already developed. The animals were kept under 
the same conditions. The hairs were taken from the same parts of the 
body, fifteen centimetres under the withers. The diameter and length of 
the long hairs were measured in the intact condition. One hundred 
coloured hairs from each chequered animal were measured, one hundred 
white and one hundred red hairs were examined. The numbers given in 
the table arc the arithmetical averages of one hundred measurements. 
As a control, the series of hairs were measured three times, and the arith- 
metical means compared. The difference amounted only to 0'3-0‘8 mm. 
According to Bilek, the hair of adult cattle is fusiform in shape, but the 
hair of young cattle in conical, with the apex downwards. Hence the 
cross section varies along the length of the liair. For this rea.son the hair 
was measured at the point, of maximum diameter. This point was about 
one-quarter to one- fifth of the total length of the hair from the root. In 
young cattle, however, the point is close to the root follicle. In the 
determination of diameter, fifty hairs were mea.sured from each animal, 
and the arithmetical mean is given in the table. The measurements were 
made at a magnification x 80. 

For estimating the asli content a mixture of long and short hairs was 
employed. The hair was washed in alcohol, and after being dried, two 
to three gj'anis were incinerated in a porcelain crucible: 93 determinations 
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of the ash content were made from head of cattle. In consequence 
of the war onlv a few analyses from some hreoils could he imuie. In one 
instance, for example, the llanak breed, it was impossible to find a 
heifer between M and 3 years of age. Only animals of 1, I and 10 years 
of age could be examined. 


MkASUKHMI'IN'TS of the IjE-XOTH of Ha IK. 

The East Friesland Breed. The average length of liair was: 

(n) Red hair: in four cows ll-oS d-lo cm. 

in six head of young cattle six months to two years 
old, 'Mfi-odl'l cm. 

White hair: the white hairs in the same animal were, with one 
exce])ti()n, shorter than tlie red ones, 'J-PH (I- 09 cm. 

The length of both white and red hair reaclie.s its climax in two years 
in Dutcli red cattle. 

Dutch bred Cattle. 

1. Black chequered. 

k hair {h} wliiti' linir 


."i cem w 

1 o.s 


I <'(!\v, 7 vi'iu's (ltd 

1-S4 

1-71 

! tu'ifcr, l’ years < lid 


4 4»S 

i Iml). 4 years <ild 

:bs2 

;b:5() 

Red clieijuered. 

(a) led liaii’ 

(/d white 

s cows 

l-US -2-!IO 

_ 

1 enw, 4 years old 

2 hi 

2fil 

1 heifer, 'J years old 

4ti.'» 

— 

1 heifer, 1 yc^arold 

.o-Ofi 

4-21 

1 heifer, 0 motifh.^ old ... 

2-74 

2oH 

1 bull, 4 years old 

:b4‘) 

2' 10 

1 bull, 2 years old 

. dTO 

:»-2u 


fierneM Hanah Che(juered Caiile. 

The average length of red hair in 15 cow.s was 2-J 2-3-33 cm.; tor 
white hair 1 ■75-3-25. These 15 animals were arranged according to their 
age and the average length of hair compared. 
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('0 W'liite hfiir (i**) twl hair 
cm. cm. 


2 cow^i, 10 years old 

2-47 

2-SO 

1 cow, S years old 

1-07 

2-39 

.“I cort's, 0 years old 

2-5ti 

2-99 

fi cows, years oltl 

2 ’84 

2-86 

2 <'OWs, 4 \Ta?s old 

— 

,3 -22 

1 cow, .’{ years old 

2-Hi> 

310 

1 cow, 1 year old 

3 'HO 

3-!t2 

1 cow, 1) nionth.s (dd 

4;i.5 

1-99 

1 licifcr, 4 nioiitlis old ... 

4'2! 

4-31 

] dll!), 4i years old 

4- 1.5 

4-91 

2 steers, 1 yeai’ old 

t;t)5 

7-19 

1 st/'cr, d montlis old 

.V2y 

1) If) 

2 .stc<‘ts. .‘J itiontli.s old ... 

2S7 

2;)7-*3- 

1 steer, 15 weeks old 

2 1t(i 

3U) 

8im me n in ler Breed . 


(^/) white hair 

(5} fair 

2 cows 


eni. 

3-2(i 

1 lieifei'. 1 ;") mnnllis old 


4-78 

1 steer, 1.5 niuiiths old ... 

— 

502 

1 he if Cl'. 2 years old 

— 

4-52 


The white hairs were shorter than the red ones. The longest hairs 
were in a steer and in a heifer, both Jo months old. The hair of the 
steer was longer than that of a cow of the same age. 

Monlafon Breed. 




cm. 

cm. 

10 eow.s 


... 2-27-3-30 

on an average 2-83 

3 iieiO'i's, 

2 yea I S old 

... 241-3-94 

„ 3-70 

2 heifers. 

18 inoiitiis old 

... 4-2 7-4 -03 

445 

2 lieifers, 

1 year old ... 

... 4-,')(>-4!H 

4-70 

2 heifers, 

0 months old 

... 4-27-4-4() 

4-34 

2 heifers, 

3 months old 

... 309-3-20 

3-15 

4 steers 


... 2-41 -3-94 

,3-19 

2 o,\en, ti 

years old 

... 240-3-20 

2-72 


Smas Breed. 

The length of the hair varied between 3'08 cm, in 6 cows; in a 
steer 2 years old it amounted to cm. The hair of the steer was 
longer than that of the cow, 

Pii}zgau Breed. 

The average length in 3 cows was i'86-2'93, in a heifer 3 years old 
it was 3'8o cm.; tliercfore the heifer's hair wa.s longer than that of the 
older cows. 
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Tlu* results of the measurements of flie hair length lead to the fol- 
lowing: conclusion: 

With the exception of one animal, the white hair in all chequered 
cattle was shorter than the coloured hair. The hair in ])ure bred cattle 
reaches its niaxinuun length at the a^e of tw(j years and six inonths. 
irrespective of colour and sex. With increasing a^e the hair l)eet)nies 
shorter. Tlie hair of hulls is always !on;^er tlnni that of cows of the 
same aj'O. The leny^tlL of liair in oxen is the same as that of ( ow.s. 

The ditTerences in length found with different breeds of cattle is y'reat. 
In well-bred youn^ cattle the greatest length is found between the anes 
of one and two years. In ill hied cattle tlie maxinium ,urowtli of liair 
occurs between six months and om“ year. Vounp; cattle have notablv 
lonj^er hair than older beasts. 

'IhiK Thick MOSS ok II.mh. 


In E<ik( Frieulniiff Hmd : 




(</ 1 \\'lii(c iiaif 

[M red li.ur 

U IS tn<>inli.'< 

old .. 

SI-1 

su-.“. a:5-si/r 

ilcif.-ls, C MMfsnl.i . 


S4-S <).“)■ l;x 

04 (1 !)f;-7/K 

Hcifciv. 15 iiumtiis (i|il 


.■)S-U^ 

71-1^ 

In Dutch Breed, red (oul hlocL: 





(<0 ulii(<‘ liaif 

(l>] air 

{‘ort's, of VHi'iuu.s 


1 !)1-.1;<. 

tii)-n u.'i-i /t 

Heifors. vc’Hj's old 


UI-4M 

lUliAt 

1' sloors 


U1 -0 S.S-S /t 

U7-(> 1 1 \ 

1 steer, '2 veai s old 



l_'<) -'M 

In Bernese Uantik c/ie(jnerrd {din meter}: 




(e) wliite hail- 

(li) rf<l hair 

Oovs. (i iiKHlUis- In ycii 

Isold .. 

7til)-luii-:,qt 

7n-K iD.-./bi 

lid Us, (i !?iont lis 4t ye; 

It'S old 

ni '.liJ. 

Ul-L’ io:5-l^/. 

Jiull.s ‘i nioiilhs and 15 

weeks i 

.Id 71-0 7.'>-J/r 

7:i-0-7(}-!lM 

In Sinrme.nfaler Breed: 


('/ ) wliiti- I) lii 

{h} ei.liMin'd hair 

Cows, I| ail<l 10- 1:5 y(v 

ifsold. 


(iS-f! 

Ueifens, 2 years old 


,. m7-t^t 

1!5-7m 

In Mnntnjon Breed: 


('/) Itilc liair 

f'd I'ed hair 

Cows of two difTerent r 

ij;es 

71-1 MI-liA' 

avr-ray'.- i>7J^ 

(><jw.s rjf a monfiis 


. . (i.'ell d.'-a//. 

„ U.eLV- 

< )X(;n 


.. U! 


Sle(‘rH 


S'i-4 llJ-ll/r 
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Hair of Different Breeds of Cattle 

Smsi< Breed: 

Cows, 7(i-7-<>S-2Ai. 

1 fltoer, 2 years old, 104-9^ 

This lasf animal was noted as havinir tlie thickest and Irmgest hair ot the series. 

Pinzgan Breed: 

The thic‘kne.ss of the hair of this breed of animals was 80-C-102‘8 /z. 
Youn^ cattle up to tfiree rnontlis have tlie thinnest hair. Above three 
months the hair has as great a diameter as that of adult animals. Bulls 
have, as a rule, thicker hair than cows or heifers of the same age. The 
stoutest hair is to be found in animals between one and two years of age 
of both sexes. White hair is relatively thinner than the coloured hair 
of the same animal. 


The REEATrox of Diameter to Length of Hair. 


Table sliowing the relation of diameter to length expressed in per- 


13 reed 

iSex Age 

Wiiite 

0/ 

/o 

130(1 

Fair 

haired 

brown 

C reyish 
brown 

Black 

% 

East 

Cows — 

— 

0-29-0- 3:3 


— 


Friesland .. 

. Heifers 2 years 


O'lfi 



— 


Heifers 2 years 

0-16-019 

0-16 



— 


Young rattle U years 

0-20-U-32 

0-18-0-28 

— 

— 

— 

Dutch 

. Cows — 

0-78 

_ 

... 


0-,30-0-44 


Heifers 2 years 

0-21 


— 


0-20 


Steer — 

0-29 

— 

— 

~ 

0-28 


Steer 

0-13 -0-28 

0- 15-0-28 


— 

— 

BeriicseHanak 15 cows 

0- 28-0-48 

0-27-0-72 



— 


Young cattle 

0-20-0-22 

— 


_... 

— 


Steers — 

0- 1 .5-0-27 

0-14-0-26 



— 

Montflfon .. 

. Cows - - 

Tleifers — 


0-28-0-46 
0-1 7-0-29 


- 

(average) 

0-36 

0-21 


Oven — 


0-37 

— 


0-37 


Steci-8 — 

— 

0-28-0-:33 

— 

— 

0-30 

Swiss 

. Cows 2 year.s 

— 

0-27-0-38 



_ 


Steer 


0-26 

— 

— 

— 


The results in the above table show that there is no regular relation 
between diameter and length. The longer hair is, as a rule, thicker and 
stouter. In short hair the diameter is proportionately greater than in 
long hair, In the hair of bulls we find lower figures than in that of cows 
and heifers of the same age. The same may be said concerning the hair 
of oxen. The percentages found with white hairs are higher than with 
coloured hairs. 
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Asil (’ONTKNT OK HaIH. 

In tliese investi^rations cut liaii- was used, (“onsistiug (d and short 
hair. Tlu- unwashed luiir j 2 :avo two to three times tlie amount of ash 
foumi ill washed hair. \ii)ety*thr(H" analyst's \\(>re pt'i’formed on liair 
selected from two hum! red animals, with the {(tllnwiuii results; 



Nuinltcf 



('olllotlt ot 

Brood 

and .-iox 

.\-i' 

t’lilour 

asli y, 

Hast Frioslaiul 

S ^ 


red liaii 

2 -US 24 ill 


2 lioifvrs 

2 yoais 

' ivd liair 

1 wliilo Iiiiii- 

I-S.'. 


4 lioifoi's 

1 y. Ml 

( wliiti' ,, 

i (i,-) 

I)tif<li 

S cows 


1 l.lark ,. 

1 

2as:5 

2 -os 2-;i.‘> 


1 llrifiTs 

2u.a,s 

< Mark 
( wl.if,' „ 

:5-o2 :5 :5i! 
I’.ST 2-112 


li iK'itors 

1 year 

f|vd 

1 wllitl' ,, 

'ivd „ 

2 S2 2 !l.'» 


_ 

_ u al^^ 

I a liite 

2-20 2-.'.2 

SimiiioiUalo;' 

12 .'(iws 


(fair „ 

( wliilo 

1 u'.i 21:5 
1-7!) l-.si; 


4 <-(»\v s 

4 years 

( wliite liair 

1 77 l-.sii 


(i 0(.M S 

U '1 til t llH. 

'fair 
i wliito ., 

102 2 (12 
i 7s i-mi 


St 0<TS 

U- |:» nitlis. 

'fail .. 

( vrhite .. 

2- 1:5 2-:5S 
l OH J-04 

Bornoso Haaak 

:iu niws 

4 U) yoai s 

'red .. 

, w!nl<- .. 

2 : 5 ; 2-71 
1-74 l-sr, 


m lioifors 

! >'oar 

(red 

[wtlile ,, 

l-OS 2-07 
1-42 l-7ill 


S.sto('rs 

1 year 

(reti .. 

(wliile 

2 <i;5 J-o.S 
l -7.a 4 H;t 

Mnntnfod ... 

1H odw.s 


wliilt' 

1-7,". i-s;5 


!n odws 

10 yoar.s 

Iiriiwn hair 

2-2H--2-:5<i 


2 lu'ifoi'jj 

2 years 


21li-2-r)!l 


2 

0 ttiiiiiflis 

„ 

2-17 





2 IK 


4 s toots 

2 4 yejirs 


2-41 2 -KK 


2 oxoti 

(i yoar.s 


2 21 

Swiss 

1 2 crnvs 



2-20 2-:t2 


15 stoors 

2 4 yoais 

.. 

2 -.52 2-74 

Pin/.^Hii 

IS oows 

— 

red liair 

2 -7.S :{-i 1 


No white hair was available for iiivesti<fatiou. The altove tahle. shows 
that the ash content of hair is not charactcri.stic for a ji:iv('n breed. Tlie 
hair of brown animals has about tlie .same ash content as tlie red hair 


i!— 2 
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Hair of Different Breeds of Cattle 

of chefjiiereH breeds. White hair is, on the whole, less rich in inorganic 
material than coloured. The more intensely coloured hairs contain the 
greatest proportion of ash. Comparing animals of different chequered 
breeds according to the intensity of colour, the following results were 
obtained: 

Content of a.'jh 

I.,i,aht .Siinmontalor 

Liytit to (1.1 rk rofl lironds Bornc.sd Hatiak 2-.37-2-71 

Dark rrd Kast Fric.^land 2-(i8-2-()9 

niack Duifh 

Similar results are obtained in comparing the content of ash in young 
cattle and bulls. '’IMie hair of heifers of tlie In own breeds show more ash 
than the more intensely cfdoiired hair rd cows. The hair of bulls of all 
breeds is richer in ash than the hair of cows of the same age. This is also 
found in the white hair of bulls. The hair of oxen has the same amount 
of ash as that of cow.s. There is no difference betu'een the ash content of 
hair of (’attic of one to two years of ago and those that are older. 

SUMMARY. 

1. The maximum length of hair in pure bred animals is found be- 
tween the ages of six months and two years. Older animals have .shorter 
hair. The hair of bulls is always longer than that of cows and oxen of 
the same age. In a given animal the white hairs are shorter than the 
coloured ones. There is a large variation in the measurements of the 
coloured hairs in an individual animal. No relation was found between 
the type of fodder and the length of hair. 

2. Young cattle up to the age of three months have the thinnest hair. 
After tins period the .stoutness of the hair is the same a.s that of adult 
animals. A maximum is reached in animals between one and two years 
of age of both sexes. Bulls have always thicker hair than cows and heifers 
of the same ago. The white hair of a given animal is thinner than that 
of the coloured hair. Food is without influence on the stoutness of the 
hair.' As a rule the tliickne.s.s of hair iiicrease.s with length. 

3. The relation of thickness of hair to length is not always the same. 

With short hairs the diameter is relatively greater than with long ones. 
With bulls the ratio ^ is smaller than in heifers and cows of tlie 

samc age. The ratio is greater with white hair. 

4. The ash content of hair is not constant. It depends on pigmenta- 
tion, age, sex, and possibly on feeding. The ash content of intensely 
coloured hair is the greatest. This hair also contains more iron than 
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wliito hair. A.sh content is jj^ivatest with black hair. The liair of brown 
animals leaves the same inorganic residue as red hair. There i.s no ditTer- 
ence to be found between the ash content of tlie hair of bulls and that 
of cows and oxen of the same age. The hair of young cattle contains less 
ash than that of full-grown beasts. After ojie to two vears of utte there 
is no dilTerence to be found between these cattle and t}iosi> that are ohier. 
Lack of food seems to lessen tlie amount of ash in the hair. 
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THE WASHING OUT OF NITRATES BY DRAINAGE 
WATER FROM UNCU^OPPED AND UNMANURED 
LAND. 


By K. J. RUSSELL axd E. If. RICHARDS 
{RoihiinHkd ExyerimenUil RUition.) 

(Based on analyses made by the late N. H. J. AIjllkr.) 

(jeneml Account. 

Ix 1870 La\ves and Cilbei-t eonstnieted the famous drain "auges at 
Rothariisted and coiniiienced a series of rneasureinents of the amount 
and nitrate eontent of water draining throiigli nncroppcd and unmanured 
land. The essential feature of the experunent, and one wherein it differs 
from Jiiany others, is that the soil in the gauges is in its natural condition 
and ha.s never been disturbed: the gauge \va.s constructed by building 
a wall around a block of soil and then tunnelling underneath to allow 
of the construction of a chamber in which the collecting and measuring 
cylinders could be set up. 

The soil receives no manure and it grows no crop, not even weeds 
being allowed; it is kept sufficiently hoed to maintain a clean surface. 

From the outset the whole of the water percolating through the gauge 
has been measured, Since 1877 sy.stematic determinations of the nitric 
nitrogen ajid chlorine in the drainage water have been made, at first 
by R. Warington, and from 1887 to Dec. 1915 by N H. J. Miller. Two 
accounts have been publi.shed, one by Lawes, Gilbert and Warington 
in 188 H, ajid the other by Miller in 1906^. In the present paper it is 
proposed to give the rest of Di' Miller’s data, obtained subse(pient to the 
publication of his paper, and to review tlie A\'hole of the results that have 
been obtained. 

In any long continued series of measurements the question of the 
validity of the analytical data is of preponderating importance. Even 
small errors if they persist lead ultimately to large errors in the final 
results, and there is always the tendency for errors once in to continue. 

> Joum. Koif. Nor., ISSi, 42. pp. {ind IJil. 
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Fortunately in tliis case two controls are possible, ami they both show 
that a hi*ih decree of credibility attaches to the res\ilts. 

Broadly speaking the results show that uneropped laud steadily and 
persistently loses nitrogtni iu the form of nitrates. This of c<mrse was 
known. The unexpeeted feature is the slowness with whieh tlie soil 
l<>ses the ])owei' of jirotlueing ?iilrates from its own stock of nittogemms 
compounds. At the lu'ginning of the oxi>eiiinent tlie soil coinaiiied 
D*l-Ki per cent, of nitT{)gen, about doOt Mb, ]>or acre in the to]> h”: it yielded 
up about ID 11). of nitrogen per aere ])er aniuini to the drainage water. 
At the end of nearly oU years it still contains tl-ttP5t per L'cnt. of nitrogen 
or 23SD 11). in the top D". and it still gives up to tin' tiia inage water 21 lb. 
of nitric nitrogen per acre per annum, enough to produce a IT Imshel 
crop of wheat, althougli neither manure nor crop lesidiies have been 
added during the wliole of the period. If the curve (Kig. 2) showing tht> 
rater>f fall coni iiuicd its ])rcsent coui'se and without further slowing down 
no less than 15D years would be needed for exhaustion of the nitrogen. 

So far as can be ascertained the nitrogen lost from the soil apjicars 
wholly as nitrate in the drainage waUu’. From the to{> P" of Ilu> 2D" 
and tiO" gauges the nitrogmi lost lias been respec'tivelv I 121 and 1 172 11). 
per acre. The nitric iiilrogcn in (he drainage water amounts to 1217 
and 1200 ib. per acre in the two gauges. These tigures are arrived at ))v 
adding together the whole, of the nitrate found ami such estimated 
amounts as are j)ossible for the lirst seven years hi'fore regular deter- 
minations were made, deducting nitrogen introduced l>y the rain. Tin* 
subsoil is left out of account, l)Ut evidenci' is adduced to show that it 
contributes little if anything to the nitrate in the drainage water. Two 
items admittedly lack precision, l)eiiig estimates only, but they are based 
on reasonable grounds and are probably not far wrong. 

The figures agree as closely as could be expected. There is no sulli- 
cieiit detioit to necessitate the, assu!n])(ion of any oilier sourt'e of lt)ss: 
we are not, for example, com])cl!ed to sui)j)ose any evolution of gaseous 
nitrogen or nitrogen compounds. Nor, on the other hand, is theri‘ any 
excess of nitrogen in the soil that would corn]>el the assumption of 
nitrogen fixation. It is of course possible that both li.xation and evolution 
of nitrogen occur in amounts that a]i])roxiii)ately liulance, but. the 
experiment fails to show either action. 

Another remarkable result is the close relation.shi]) between the 
amount of nitric nitrogen in the drainage water and (he amount, of rain- 
fall. In years of high rainfall large amounts of nitrate are, washed out; 
in years of low rainfall the r| uantities are less ( Fig, 1 ). The effect of a wet 
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year persists and shows itself in a reduced capacity for nitrate production 
in the follow! year. The effect of a dry year also persists, there being 
a larger rate of loss in the following year. i\Iost of the washing out of 
lutrate occurs during the months October, November, December and 
January: with the exception of the latter, these are also the months 
when the rainfall is highest {Kig, J). On an average over the whole year, 
however, one inch of rain has for the past 25 years washed out 1 lb. of 
nitrogen, and for 15 years before that it washed out M lb.; only in the 
last b years i.s there any distinct .sign of falling off. 

It is difficult to account for this .steady rate of washing out of nitrate 
from the .soil in natural comlitions. The nitrate behaves a.s if it were 
.soluble only with difficulty. Under laboratory conditions, on the other 
liafid, it is easily washed out by 2 or 3 inches of water from soil on a 
Hncbiier fiiimel. Home allowance must be imade for the difference be- 
tween soils in silu, and soil loosely but evenly packed in a Buchjier 
funnel, l^ut there is cleai'ly a tendency for nitrate formation to increase 
in a wet sea .son, or else for incomplete removal of nitrate in normal 
.seasons with conse(|uent carry-over to the wet season when all nitrates 
are washed out. 

The effect of temperature is le.s.s obvious, and can only be observed 
after the effect of riiinfall ha.s been eliminated b)' setting out the curves 
so as to show the amount of nitrate washed out per inch of rain. Unfor- 
tunately soil temperature records are not available over the period, but 
recent work sliow.s a close connection between sunshine and soil tem- 
perature, and the sunshine records extend over a considerable part of 
the period. A relationship is seen between the nitrate in the drainage 
water and the sunshine of the preceding snminer (Fig. 5}. The sunshine 
effect and therefore the te?nperature effect, however, is distinctly 
secondary to the rainfall and is not ea.sily seen excepting in this way. If 
there has been abundant rainfall from October to March there is likely 
to be a good deal of nitrate in tlie drainage water, and the ajnouiit will 
be raised still further if there has also been abundant sunshine in the 
preceding pcitod between May and October. 

It is difficult to account for the slow rate of loss of nitrogen on the 
currently received ideas of the nitrogen cycle in soils. There is no evi- 
dence of nitrogen fixation in tlie gauges: apparently tlie nitrate in the 
drainage water arises from the stock of nitrogen compounds originally 
present in b'^70. The.se original nitrogen compounds would decompose 
giving rise to ammonia, which is then converted into nitrate, and some 
would break dowji more rapidly than others. But if nothing beyond 
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hydrolysis were concerned the process ought to ha ye been completed 
many years ago. iSoine of the compounds would go more t|uiekly than 
others, but eyen if we suppose any so resistant that they totik le-spectively 
4G. 17. 4''^. lb and 50 vears to decompose the curyes (uight to show a less 
ro'Milar and a more broken downward trend. 

Tn order to account for the phenomena it semus necessary to intro- 
duce into tlie ordinary cycle some new element acting a.s a kind of im- 
iiiobiliser, absorbing nitrate.s or ammonia as they are ])roduced and giying 
them up again hitei’ on. 4die case would be met it one suppo.sed that 
some of the soil organi.sms, such as algae, bacteria, fungi, etc. assimi- 
lated nitrate.s or ammonia and on their deatli were themselves deeom 
posed, giving rise ultimately (o nitrates again. On this view the nitrogen 
compounds of the soil would be supposed to break down with formation 
of ammonia and then nitrate, but only a portion, and not the whole, of 
this nitrate is liable to loss or assimilation by ])iants: the remainder 
would be taken uji by organisms, temporarily immobilised, but reformed 
on the death and dissolution of the organisms, when again ])ai‘t would 
be thrown out of tlie cycle and ])art reabsorbed. 

The curve sho^yillg the rate of washing out of nitrate from the soils 
of the drainage gauge is very dihereiit from the curve for the rate of 
accumulation of lutrate in soils under fallow c(niditions as seen in Kig. b. 
In the open held lutrato production is rapid in May and June: then it 
falls off in speed, though it still continues right tlii-ongh the .summer till 
aiitiiinn; the gains tend to exceed the losses so fliut tlie curve resume.s 
its upward move after any falling off. Tlie highest aci'iimuhition even 
on the unmanured plot in a fallow your amounted to 01) lb. ])er acre in 
the top 18". During tlie winter month.s, howevei', tlie losses cxceo<l the 
gains: tliere is insufficient formation during this ]>c‘riod to counteract 
the washing out, and the soil is left at the end with ahout TO lb. ])er aero 
in 18", the minimum of nitrate normally found in our experiments. The 
loss tlierefore exceeds 50 lb. per acre, which is fiiglier than the loss -- 
21 lb.— from the drainage gauges. 

In the drainage gauge the los.s besides being sinaller is dilTerently 
distributed: remarkably little occurs during April, May ami June (the 
months of rapid nitrate formation in the field) [lartly because the drainage 
water is only small, being 27 per cent, of the rainfall, instead of 50 per 
cent, the average for the year, and jiartly because tlie concentration of 
nitrate in drainage water is low. This indicates that the amount formed 
in the gauges is low during these months, thus constituting a marked 
difference between field soils and the gauges. 
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The chief difference between the field soil and the gauge apparently 
lies in the fact that the field soil, even though un manured and lying 
fallow for one year, receives annual additions of easily decomposable 
organic matter in the form of the weeds and stubble of the preceding 
years’ crop while the soil of the drain gauge does not. There is no more 
total nitrogen, but a larger quantity of nitrate is in circulation than in 
the gauges. During a fallow year the nitrogen of the stubble is released 
as nitiute and becomes liable to loss, but on cropped land the young 
plant takes it up and reconverts it into complex compounds. The nitro- 
ge]i content of the unmanured cro]:»ped soil is not widely different from 
that of the gauges, and the extent to which the nitrogen is finally reduced 
is substantially the .same in both cases: at the present time the figures 
are: 

IVrfentfipre ot nitrogen in 
to]) 9 iiicin's 

[)nnn gtiuge . 0-099 

in-oAcliKilk iinmanured plot 0 088 

Th(> TeJiubilibf of the reaidts: the chlorine test. 

The determination of the amount of chlorine in the drainage water 
is of profound importance a,s it affords by far the best check on the 
accuracy of the working. At Rothamsted the chlorine is determined in 
tlie rain as well as in the drainage water, but the determinations are made 
at different times and involve different cpiantitics of liquid corresponding 
to the differences in concentration. Tf the work is accurate the total 
amount of chlorine found in the drainage water at the end of 27 years 
should equal that found in the rainwater for the same period, for, as has 
often been sliown, soils neither absorb nor give up chlorine to water 
passing through them. Table VI shows how complete is the agreement: 
during the 27 years the determinations of chlorine in rain water when 
added together amount to 441-50 Ib., while the determinations of chlorine 
in the drainage w^ater in the three separate gauges are; 

20 ins. 40 ill?. coins. Kain water 

441-53 45.5-80 447-58 441-50 1 b. per acre 

The number of measurements involved is very large — some 18,000 
readings having been taken at the gauges and a large number of titra- 
tions made in the laboratory: each gauge reading has to be multiplied 
by the corresponding titration value. Thus errors are multiplied. Yet 
over 28 years the widest divergence is only 1-3 per cent., and in the 
case of the 20 in. gauge considerably les.s. There is no possibility of 
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straining readings to compel agreement as tlie tig n res were not added up 
ref^alai'Iv during the course of the work, hnl only at rare iiiterculs. The 
reniarkable agreement shows that an unusually liigh degree of (‘lediliility 
attaches to Mr drey's readings at the gauges and to Dr Miller's (itralioii 
values; we can without fear proceed to add up the I'lgures foi' nitrate ami 
draw from them such deductions as seem possible. 

The amount oj nitrate nvsheil out from the naufjes and f/s relatifm 
to external eondiiiroui. 

Although the gauges were set up in ISTt* systematic mialyses were 
tuit begun till 1877; there is no means of knowing the loss during this 
tirst period, d'lie amounts of nitrate washed out in the ditl'erent years 
s\ibse«|Uent to 1877 an* given in Table 1, and plotted in Kig, 1. 'Phev are 
subject to large flnctiiatit)Jis from year to y('ar. hut they .show a temleinw 
to fall of! as time goes on. The irregularities are eonsiderahh’ smoothed 
out hv taking four year averages: a fall (hen appears which is fairly 
steady cxce])tiiig during om' ])eriod — ISSI) ISIPI; {luring tin* ilrst four 
years for which data are available the loss of nitrogen was at tlie rate of 
lD2o lb. ])er acre ])er annum from the fid iji. gauge: during the last t.wo 
v(*ars it had fallen to 22-91 lb. Tlie higher ligiiri' eori'i'spoinls fairlv elosi-lv 
with the (jiiaiitity of nitrogen present in a four quarter wheat crop; 
Lawes was accustomed to use this figure as an illustration of the wusle- 
fultiess of winter fallows. The. lesults are.; 

Xttnr y tlnifjeu 'tii drautai^c U'(ilei\ //w. ptm acre. 
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The falling off is very gradual and there, is nothing to imlicate anv 
dilfercnce in the reaction or type of compound decomjiosed now utnl in 
the early days. Only the quantities seem to have become reduced ( Fig. 2). 

The concentration of nitrate in the drainage water varies from 2 to 
2fl parts of nitric nitrogen per million of water, the niinimiini for the year 
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cnnmioiilv occurring in February and March and the maximum in Sep- 
tonibor, October and November, Until the last few years 10 parts per 
million was a usual rpiantity but of late 5 parts have been more frequent. 
Usually there are about 4 parts of chlorine per million. The figure 
fluctuates only slightly and I'arely falls below 3 or rises above 5. 

When the data for meteorological conditions- -rainfall, sunshine, 

— are plotted, it is seen that rainfall shows a closer relationship than 
any other single factor to the nitrate in drainage water. There is some 
difference in detail in the three gauges. The nitrate figures from the 60" 
gauge only on two occasions fall out of line with the rainfall, viz. in 
the seasons 1903--'l and 1906- 7. The figures for the 20" gauge fall out 
four times in the seasons 1882 -3, 1903-4, 1907 -8, 1909 -10. With these 
exceptions the connection between rainfall and nitrate is so close that a 
nearly constant figure is obtained when one is divided into the other; the 
quantity uf nitrnge]] as nitrate w^ashed out for every inch of rain was till 
1901 Id) to 1-2 lb. per acre: since then, however, it has fallen to 0*73 Ib, 
This is shown in Table 14. 

The quantity of water percolating through the gauge shows nearly 
as clear a relationship as the rainfall with the amount of nitrate washed 
out. At first sight it nught appear to be the more important factor, but 
in reality it is not. When the rain starts its downward course in the soil 
it dissolves some of the nitrate produced in the surface layer: some of it 
evaporates, the precise amount depending on the temperature of the 
soil and other factors, but never enough to tio-ovc the nitrate out of 
solution, so that the amount of nitrate finally escaping in the drainage 
water is influenced less by the proportion evaporated — i.e. the amount 
that finally percolates — than by the initial amount of rain-water. When 
the percolation falls below a certain amount, however, it exerts a greater 
effect than the rainfall. 

The relationshi]) between the amounts of rainfall and percolation, 
and the washing out of nitrates, is shown when the figures are plotted for 
individual months and not for the whole year. This is done in Fig. 3 
(Table 11): percolation is seen to be more closely related to washing out 
in summer than in wijitcr, During the months October to April the 
amount of nitrate washed out is closely related to the rainfall, more so 
than to the ])ercolation, During the months Aju'il to August, on the other 
hand, the amoutiT washed out is more closely related to the percolation 
than the rainfall : the reason for this inversion of relationship is probably 
that the amount of water jiercolating is insufficient to wash out the 
nitrate although the rainfall is rather high. 
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The effect of cenj dnj ijeant and eerij nrt years on bosses of nitrate from soil. 

Fig. 1 shows that losses of iiitmte in any yoar are noailv -thougli not 
()uite— proportional to the rainfall. Closer Insjieotion of the data, how- 
ever, shows that exceptionally ^Yetol■ exce])tiona]ly dry years have after 



Avnragu fnr 38 yt'iii’s. ] 877 -8 to l!U4 la. 

Kit'. ;{. Nitrogen as nitmto in drainage water, amount of rainfall and of {wnailatiun : 
aversigo for eac!) month, 38 year |HTioil. 

effects which persist to the following season. Dui'ing an excepfionuliy 
wet year the soil not only loses a large amount of nitrate, hut apparently 
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to somfi cxtf^nt the power of producing nitrate. This is shown in the 
following table. 
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Tu each case after the wot year the soil is left in such state that it does 
not easily yield up nitrate in the following year: each inch of rain there- 
fore washes out an amount of nitrate which is smaller than in the wet 
year and below the average for the period. 

The period 1881-5 is of interest because three wet yeans came to- 
gether at an interval of only one year after the disastrous season 1878- 9, 
and the nitrate lost per inch of rain fell off. Fig. 1 shows that the amount 
did not completely recover in 1883-4 although this was dry, and it was 
only in the following year 1884-5, which was dry also, that the washing 
out became nornial. 

In some of the vei v dry years the opposite effect is seen: less nitrate 
is washed out than is usual during the period, hut more is washed out in 
the following year: 
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ji-i/ 




The Wai<kin(j Of ft of Nitmten bjf Drahvage Water 


But this is not ail invariahlo rule, a certain number of exceptions 
occur when no more is washed out in the following rear : 

titrate Xitrogen aa nitrate washed out 

in drainage per in. of rain 

water, 

lb. j)or acre Average of "i yrs 


Year 


Rainfall 

20 in. 

00 in. 

20 in. 

00 in. 

20 in. 

60 in. 


inches 

gauge 

gauge 

gauge 

gauge 

gauge 

gauge 

iHhO-l 


2:141 

2.O-70 

22 0+ 

1-10 

ro-9i> 


Succeeding year 


20f>H 

20-30 

3:4+:i 

0-00 

Lm:J 

1-00 

105 

1901-2 


2:b20 

20-12 

22- 1 1 

1-25 

ro-orn* 



.Succeeding ycai’ 


:i 1 -d.i 

;i;i-7o 

32-73 

I-OH 


1-03 

0-07 

190.V0 


22- 7.1 

22-00 

2+0+ 

o-ou 

1 0.1 

i 


iSiiccee<iing year 


20:1,“) 

21-71 

23 00 

0-S4 

0-S2 

j 0-02 

0-04 


* 'riu'se conform to the general nih'. 
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The effect of (anperature on the lost) of nit rote from (he soil. 

The effect of temperature is so much masked by the rainfall that 
it is only seen when the amounts of nitrate washed out per inch of rain 
are plotted on rather a wide scale, and compared with the sui\shine 
curves for the preceding suinmer months. Soil temperature wouhi of 
course be better, but unfortunately the data are not available; sunshine, 
however, generally fluctuates in mueii the same way as soil temperature. 
Even then a strict comparison is rendered dilHcult by the persistent 
effect of very wet or very dry years already mentioned. The <hita show 
that a relationship exists between summer sunshine and the following 



for 1 inch of rain in pounclB }W'r acrti (flottcd line) : aho tiours of sunshine- (Hiiiooth lint^ 
for MX months (May to Octofx'i ) of first named yi'ar. 


winter losse-s of nitrate, the loss tending to be higher after a hot summer 
than after a cold one (Fig. o). Again, howev(‘i', the effect is not simple as a 
hot summer is usually also a dry one. 



The Wit^hiiuj Oat of Mf rat bt/ Drattuaje Water 

The, (otnl (iniouiif of niirorfcti removed from the soil in the gauges. 

The total amount of nitrogen in tfie drainage water from the gauges 
during t!ie whole jjeriod of ^8 years- -1877-1915— in which continuous 
determinations have been made is as follows: 

20 in. 40 in. (iO in. 

1170 1007 1 141 lb. per LU'iv 

The 2(J and 60 inch gauges liave on the ^vhole given very similar 
results, but the 40 inch gauge has always shown certain di/Terences 
which could never be e.xplained. It is not easy to assign any specific 
can.se: one possible disturbing factor is that a niinibec of solitary bees 
lia\'c chosen to reside in the soil of the gauges, and any carbohydrate 
attaclietl to the pollen they brought in would reduce the amount of 
nitrate in tlie drainage water. The marked depressing effect of soluble 
carbohydrates was demonstrated in the years 1906, 1908 and 1909, when 
ailditioii.s ot starch or sugar were made to the 40 inch gauge, but not to 
the others: the exj^eriment was designed for another purpose, but for- 
tunately throws light on this problem, 

Xitiatc; in 00 in. anujic 
{no carbohvflratp 




.Suhstancf! added fo 

XitraU- ill 40 in. 

"■<'111 gc added) 

1 )ati 


40 in. gauge 

Sept. 1900 Aug. 

1912 .Sept. IJKKI-Aug. 

Apr, 4, 

lilOO 

1 11). sO.in li and 89 gm. cal 

' 20- 7(1 

2;mio 


cium plinsphate 




l'.Jf)7 

XotluiiL' 

i9-;.i."> 

2,S-(>8 

27, 

mus 

4 Jl). sugar 

7-97 

20-07 


mop 

,, icing sugar 

lO-OS 

27-49 


mm 

NothiuL’ 

17-90 

2(iv}l 


mil 

,, 

27)- 2a 

.•12-44 


1912 


12-.72 

m-ii 


8eeing tliat 8 lb. of sugar lias caused a reduction of 55 lb. of nitrate 
it is ol)vious that no large amount of carbohydrate would be needed 
annually to account for the difference of 140 to 160 lb. over the whole 
period. It is impossible now to ascertain how large a part has been 
played by these bees, and no estimate of their number has been made. 
The observer, E. Grey, has seen them for a number of years, but more on 
the 40 inch gauge than on the others. 

The close similarity between the 1 170 lb. of nitrate washed out from 
the 20 inch gauge and the 1141 lb. washed out from the 60 inch gauge 
shows that the nitrate comes only from the surface iaye.rs and not at all 
from the lower depths: there is no evidence that the lower 40 inches has 
contributed anything at all, and if thi.s is the case there is no reason to 
go below the top 9 inches for the source of the nitrate. Analysis of the 




JJS The Wmhimj Out of Nitrates hj Drainage Water 

The figures Z 124 and 1172 lb. per acre of nitrogen lost from the gauges 
are remarkably similar to the 1170 and 1141 lb. of nitric nitrogen found 
in the drainage water, but the similarity is only accidental ; the periods 
are not co-terininous and a complication is introduced by the nitrogen 
compounds in the rain. Jt is necessary to add to the drainage water 
figures the nitrate washed out in the first 7 years anckthe last 15 months 
(the analyses being discontinued in Dec. 1915 while the soil samples 
were not taken till April 1917), and to deduct from them the amount 
brought down in the rain during the 47 years that elapsed between the 
first and the last sampling. The amount contained in the rain is known to 
be 5 Ih. per annum or 235 lb, over the whole period. If all this came from 
outside .sources the case would present no difficulties. But evidence ha.s 
been adduced^ to sho\\' tliat some of the nitrogen compounds in the rain 
have come from the soil, so that an unknown part of this 235 lb. is not 
new nitiogen but simply soil nitrogen which has come into the drainage 
water by a mure circuitous route than the rest. 

It is impossible now to arrive at any exact estimate of the nitrogen 
washed out in the first 7 years. Dr Miller put it at: 

20 in. 4U in. j/auizn 00 in. gauge 

21! I 2('4 22:4 Ib. per acre 

We are inclined to put the figure higher. During the 7 years 212 inches 
of rain fell; and throughout the subsequent 4 year period — 1877-1881— 
each inch of rain washed out 1-33 lb. of nitric nitrogen from the 20 inch 
gauge and 1’25 from the fiO inch gauge. Tlie rates during the first 7 years 
would almost ccrtaiiilv be higlier. The total nitrate washed out would 
therefore be not less than 283 lb. and 285 lb. respectively, and in all 
probability would be niui'e. In the 15 months from January 191G to 
April 1917 a further 29 lb. would be washed out. Thus the total nitric 
nitrogen in the drainage water for the whole period of 47 years appears 
to be: 

20 in. gauge 00 in. gauge 
lS7() 77 2s:l 205 lb. per aej^e 

Found lS77-mi5 1170 1141 

Kstiinnted 101.7-17 20 2!) ., 

Total 14S2 1435' „ 

The nitrogen supplied by the soil and the rain has been: 

20 in. gauge 00 in. gauge 

Uoniovcd from flic top 0 ins. of soil, 1 870- 191 7 1 124 1172 Jb. per acre 

Brought in bj- rain ” 

Total fijo'y 1407’ „ 

Found in drainage waler 14F2 14:45 „ „ 

14a la lire, being e.xcess found 123 28 „ „ 

1 This Journal, 1919, 9. 
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The nitrate in the drainage water accounts for practically all the 
nitrogen lost from the soil: the uncertainty attaching to the estimated 
figtires and to the actual ainount <»f new nitrogen ii^ the rainfall dejuives 
the balance sheet of precision, but there is no room for much lixation or 
loss of gaseous nitrogen. The chief, if nut the sole actitm, in this soil 
where there is no manure, crop residues or fresh supply of ormnic matter, 
is the production of nitrate. It is in these circumstances that the nil roueii 
cycle, is seen at its simplest. We know from otlier Ht»tliams(ed exj)eri- 
nients that the eycle becomes more complex when organic matter is 
added to the soil: both fixation and loss of nitrogen being then liable to 
occur. 


Table I. 

»r/r/// aiiioihiLs of Niiro(jen as Nitrates ii) the Drainage trater through 
20. 4t) and bO inches of Sod. 

(TIk' (“jirlicr r<'siilt‘< an* roconlcat in this .laiinnit, lUOti. 1. :5HS.) 


Rainfall 
(i.iV, ■'U’l'*' 

Sf|)(. l {() Aiijr, ;{l inches 


ltin.1 fi 

RMMi 7 

RHt7 s ao ii 

RKH 9 24-!)l> 

!<KK* Ri 

Ihlo II 

mil-lj :j<iss 

mij i:t 27 32 

191:M4 2r>02 

1914- 1 r, :{7 S7 

Averajje for: 
last. lU years 21)-75 

whole ](erio(t 2H-94 


ni'aiiia:;<' watia’ 


Soil 

Soil 

Soil 

2(1 ill. 

40 in. 

01) ill. 



Uco,. 

iii^^lie>< 

iiK'lii's 

inclif-' 

1 1 -.y; 

12. 21 

1 t-ll7 

12-22 

12-72 

12:}l 

ir,-4:i 

Hi-;17 

1.7-111 

1 l-UI 

1 1 03 

1 l-D!) 


1 r>'(is 

].7-13 

1(1-72 

Kl'IlO 

17-01 

2r,-71 

27-3.7 

21-07 

lr,.2s 

17-03 

1.7 -.77 

i;i-04 

12-80 

12-.7I 

24-HO 

2-1-80 

21- 10 

10- 111 

10-3!) 

!0-0() 

14-74 

1-7-42 

l-(-7S 


Nifr injini a.s nilralc, 
111 . 


Soil 

Soil 

Soil 

2(1 in. 

■10 in. 

liOill. 

-h-rp 

.U-c|. 


10. 

Ih. 

ill. 

22 -Do 

2oOS 

2I-‘)1 

21-71 

20-70 

2;m)o 

24 -SO 

iit-:i.7 

28-()K 

20(n) 

7-1)7 

2.707 

22-70 

10-.78 

27-47 

21 -.h:! 

17 -On 

2(i-:il 

;i.7- 1 1 

2.7-2.7 

32-44 

13-83 

12 -.72 

1.7-n 

20-13 

24;ii 

17-48 

31 -.72 

:i()-!)2 

28- lU 

2-1-37 

Jo-o:i 

24-!)9 

30 78 

20-4?i 

:il)-()4 



40 Thv Wmhhuj Out of rates by Drainage Water 


Table II. 

MonOihj amounts of Nitrof/en as Nitrates in the Drainage water thrmigh 
20, 40 and 00 inches of Soil Average 38 years. 

(For earlier results S(“e tliis Journol, 190(i, 1, 389.} 

Xitrogen as nitrates 





Jrainage water 


IVr miliinn 



Per acre 


I«77-S 

llainfail 

f — 


• 

t — 

A. 


< — 

— - — - 

— - ~ 

to 

1 <Mt.v 

20 ill. 

40 in. 

00 in. 

20 in. 

40 in. 

00 in. 

20 in. 

40 in. 

<^iz. 

I9U lo 

gaiif^e) 

gauge 

gauge 

gauge 

gauge 

gauge 

gauge 

gauge 

gauge 

gall,. 


iiK'he.s 

inelie.s 

iiielifs 

inelies 




Ih. 

lb. 

III. 

Sefif. 

:i-14 

0-71 

0-09 

0-07 

14-94 

10-82 

11-57 

2-40 

1-69 

l-> 

<)e|. 

3 uiti 

1 -92 

1-W) 

1-7S 

12-72 

9-40 

11-19 

5-53 

4-02 

4-.31 

Nov. ... 

ll-SJ 

2 17 

2 •23 

2-13 

n-32 

9-29 

10-12 

5-76 

4-69 

4.SV 

Dee. 


2':)7 

2 -JO 

2-.39 

8-39 

7-00 

S-56 

4 -.70 

4-23 

H, 

Jan. 

:!'14 

ITS 

1 -or, 

1-91 

0-28 

0-32 

7-56 

2-73 

2-79 

i-T. 

J<Vh. 


1 -.7.7 

1-07 

1 01 

7-73 

7-79 

7-24 

2-01 

2-19 

2-fg 

Mnreli ... 

l'-09 

J'13 

[•27 

1'21 

7-98 

7-64 

7-07 

1-73 

1 -02 

21- 

.\jinl ... 

\-S2 

0-4*) 

0-.7(i 

O' 74 

r>-94 

(5-07 

8-2(i 

0-77 

0-77 

I'Oi 

.Vfay 

J-IO 

(l■.73 

()-.7il 

0■77 

7-79 

0-29 

8-03 

0-91 

0-84 


June 


(J-71 

()'7:! 

()'71 

8-34 

0-74 

8-28 

1-34 

1-08 

l-:i:' 

July 

2-4)) 

OfJO 

0(il 

()-7S 

IM9 

811 

9-75 

1-52 

1-12 


Augii.st ... 

J-7S 

0-7S 

()'77 

0-72 

I2-.3.7 

8-32 

10-37 

2-18 

1-47 

j-f;:. 

Oet .Mar. 

I7'li) 

I0i)2 

1147 

1 1 -03 

8-70 

7-73 

8-82 

21 -GO 

19-54 

22-1': 

Aj)r.“.Sept. 

I3'7.'. 

3M2 

.3-95 

3 -77 

10-,7.7 

7-77 

9-44 

9-12 

0-95 

8-1 1 i 

Vear 

JS-94 

14 74 

1.7-42 

1478 

9-23 

7-79 

8 '98 

30-78 

2ti-49 

3(.Hi4 




Table TIL 




Amounts of Nitrogen as 

Nitrates in the Drainage through 20 and 60 inches 

of So'ilfroii 

i 1877-8 to 19U- 

-15 in i-year periods. 







Nitrogen washeO out 




Nitrogen as 

> nitrate, 

■per inch 

of rain. 


1 Irainage 
tiirnugli 

1) rain, age 
tlii-uiigli 

lb, per aeie 

Jb. per acre 

Hainfall 

20 in. 

(iU in. 

20 in. 

00 in. 

20 in. 

60 in. 

4-yi'ar fterintls inelu'.s 

,ga uge 

gauge 

gauge 

gauge 

soil 

soil 

1877 S -..-1 880 4 3.7- 10 

iT-n 

iO-77 

47-23 

14-25 

1-33 

1 25 

IS8I -2 --4SS4 29-8<I 

17-83 

14 -SI 

33-02 

3306 

1-12 

M2 

1SS.7 0 1888.9 28-81 

14-17 

14 -.32 

33-71 

31-38 

M7 

1-09 

1889 90 -1 S92 4 20-17 

1 2-80 

12-70 

20-33 

20-90 

101 

1-03 

1S93 1 --189(> 7 30-03 

17-17 

17-88 

34-47 

3327 

M7 

Ml 

1S97-8 -190(t 1 24-88 

1 1 -30 

n-97 

30 -.7,3 

28-22 

1-23 

M3 

1901 -2 -1904-7 27-83 

13-22 

13-92 

27-01 

25-32 

0-92 

0-91 

190.7 0 -190S-9 27-03 

1 2-07 

12-07 

24-07 

2.7-68 

0-91 

0-95 

1909-10-1912 13 31-02 

18-34 

18-18 

23-38 

25-33 

0-74 

0-80 

1913 14-1914-17 31-47 

18-92 

18-35 

25-82 

22-94 

0-82 

0*73 



E. J. HuSi^KLL AND E. H. lllOHARDS 


41 


Table IV. 

J^i itrogen content of soil in drain gauges. 

1. At beginning. Sample.s taken June 27tli-28tii, ]i:^70; using iron 
frame 6x6x9 inches, “near new rain gauge,'’ but not from the drain 
gauges themselves: 

B;m- groiniU BdrJey >ri’Outui 

fK'r cent. J 1 ).])(“ I' (icrc ]mt (.'(‘lit. 11). ])cr aero 

IstUias. 0-141) :1500 (M.'IU UJtiO 

2n(l 9 ins. ()-07S 20S0 0 074 I S.'>0 

3rd 9 ins. 0-070 ItKiO 0-000 H)40 

('on version factors (weights of dry soil, lb. per ncitU 
Bare ground HarJe-y ground 
1st 9 ins. 2,:j91,S9r) 2,341.270 

2rid 9 ins, 2,007,007 2,49.7,002 

3r(l 9 Ins. 2, .7 11, 91 7 2,73S,900 

(weights (ie<liu-e(l from actual wriidit of saniple) 

Neither sample was taken from (he gauge itself, and the spt)t.s from which they wan-e 
drawn eannot now lie loeated. But J^awes and (lilheit consirleted (he “Bare ground” 
.sample more elo.seIy rejn-esentalive of the gauge than the Baz'Iey crouiiil,” and fhtse 
tignres have therefore always been adopted. 

2. At end. Samples taken April 17th, 1917, from gauges themselves, 
2 inch cylindrical borer used. One sample only ttiken. 

Peronit, of nitrogeji Weight of nitrogen, lb. pz'r .len* , 

f— 

20 inch 40 im li 00 ineli 2t> im-h , 40 ineh (iOinelf 
IslOins. 0-099 0-000 0-097 2;t7(i 2299 2328 

2nd 9 ins. 0-074 0-0(i0 0-077 19.74 1704 1720 

Conversion factors (weights of dry .soil. lb. per ;iere) 
bstOiirs. 2,400,000 

2n(l 9 ins. 2,(370.000 
3nl 9 in,s. 2,700,000 

Averages for Itothninsted soils genei-ally. 

Samples taken from land near gauge. 

Mangold plots 



1 

4 C. 

(jlras.slntid 

1st 9 ins. 

0-202 

0-109 

0-227 

2nfl 9 ins. 

0-079 

O-Oo.-. 

0-079 

3rd 9 in.s. 

0-040 

0-043 

0-079 



Table V. 

Avmial A7n(myd8 of Odorine i^t ihe Rain and the Draimige through 2(), 
40 arid 60 inches of Soil. Go in or Loss of Chlorine in the Soil. 
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Table VI. 

Chlorine in Rainwater, and Drainage for 7 periods of 4 gears 1888-0 (6 
lOliVK). 


(!h]oi'inc jHT aero in lb. per .aniunn 
Jii drainage 



Rainfall 

In 

Soil 

Soil 

Soil 

Sept. 1 — .\i]g. 31 

in ins. 

rainw.ater 

20 ins. 

40 ins. 

GO ins. 

1888-9 1 

1891-2 i 

27'fi5 

1 2-2.> 

12-24 

13-27 

12-45 

1892-3 ^ 

1895-0 i 

27 Oo 

14-35 

14 -1.5 ■ 

15-19 

14-24 

189t>-7 1 

1899-19001 

2812 

17-90 

10-20 

17-01 

10-07 

1900-1 } 

1903-4 i 

27-58 

17-23 

17-07 

1 8-65 

17-79 

1904-5 1 

1907 8 1 

27-14 

lG-75 

lG-23 

IG-IS 

10-00 

1908-9 } 

1911-12 \ 

3L-03 

18-48 

19-57 

IS-8(i 

20-07 

*1912-13 1 
1914-15 S 

30-07 

17-91 

19-02 

18-93 

19-58 

Totals for 27 years 

703-21 

441-50 

441-03 

455-80 

447-58 

Average per annum 

28-27 

10 35 

10-35 

, 10-88 

10-.58 


* .3 yeatii only. 


{Received J%dg \^th, 1010.) 



THE P.ELATI0X8 EXISTING BETWEEN THE SOIL 
AND ITS WATER CONTENT. 

A RESUME OF THE SUBJECT. 

Bv BERNARD A. KEEN. 

{ftohlsfuifhs'’ (Jourptmif^s Soil Physicist, Rofhan)sled Ex'perinmdul Statim^) 
(A) IXTROBUCTIOX. 

{x .any systcniatie account of the work done on the moisture in soil and 
its beliuviour under varying conditions, it is necessary to keep constantly 
ill mind that the uiiderlving hypotheses have been profoundly modified 
in recent years. When pliy.sical methods were first applied to the ex- 
iimi nation of soils, the results were interpreted on the obvious hypothesis 
t hat the soil could tie regarded as composed of mineral particles of varying 
sha]>es and sizes, over the surfaces of which the water was distributed 
in a thin film. The movements of the film water and its average thick- 
ness at any time, under the varying meteorological and soil influences, 
could })e jiredicted more or less completely from known physical prin- 
cijiles such as surface tension, etc. Similarly, the concentration of the 
plant nutrients in the soil moisture was considered mainly as a matter 
oi solubility in, and ditliusion within, this moisture. The foimdation of 
the .subject of soil physics was laid upon these lines in the early f9th 
century by Davy^ and Schubier^. 

From 18o0 onwards very few physical investigations were made on 
soil, and the subject became oyersliadowed by agricultural chemistry. 
Snb.se(|uently interest in soil physics revived and considerable develop- 
ments were made in America and Germany. Of recent years further 
impetus has been given to the science by the recognition of the adsorptive 
and colloidal ])henomena shown by soils. These effects have profoundly 
modified the older views on the relations existing between soil and its 
water cot i tent, and have revealed a much more intimate connection. 
It is no longer sufticient to imagine a mineral-grain framework covered 
with a film of water. Colloidal material exists in the soil, derived both 

‘ iJiu y. H. Ekinnifs of AtjrkitUimil Chemistry, London. 

== Sfliublrr, n. Orii»ds«tzc dvr AgTikulinr-Vhnnie., (1830). Leipzic?. 
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from the humus and the clay fraction, and exeits in most cases a control- 
linj: influence on the water relationships. The constitution of this colloidal 
complex is by no means fully worked out. but a satisfactory provisional 
hypothesis for physical investigations is to assume that it coats more or 
less completely the soil-grains, especially those of smaller size. 

The relations existing between soil and its moisture content are 
subject to so many variable factors that separation for purposes of 
discussion is only possible in a very general way. This difti cully did not 
exist to so great an extent with the original livpothosis. becaaise the soil 
water could be conveniently classified as (1) hygroscopic moist\ire, (2) 
capillary water, (3) gravitation water Oravifalion water is defined as 
the water in excess of the amount the soil can retain under existing con- 
ditions and which can therefore drain away. The capillarv water is that 
part retained in the capillary spaces iindcj these conditions, and is 
capable of movement through capillary action. The hygroscopic water 
is the film on the surface of the grains, and is not capable of movement 
under gravitational or capillary forces. With this classification it was 
comparatively simple to treat any one asj)ect of soil moisture behaviour, 
such, for instance, us evaporation or percolation. But when similar 
treatment is attempted on the colloidal hypothesis, the more intimate 
relations postulated between the soil material and the wafer -relations 
which vary in a continuous manner ovef a wide range of moisture con- 
tent — render the above divisions too emyjii’ical for a tlieoretical basis. 
The classification is undoubtedly convenient, especially in field studies, 
but its somewhat arbitrary nature should be kept in view. 

These consideTatious are leficcted both in tbe aTrangemont of the 
present paper and in the choice of niafctial Ibi' discussion. A full f reul- 
ment is given of the comparatively few recent papers it] which the ct)I- 
loidal hypothesis is accepted, while flie grealer amontit of work inter- 
preted on the older theory is represented bv tvpieal jtapers; results 
which have a bearing upon the colloidal hypothesis, however, are 
especially Jioted. The section dealing with the hygrosco[>icitv of soils is 
fully treated, because this phase of the subject is likely to help con- 
siderably in extending our knowledge of the colloidal nature of soil. 

(B) SOIL MOISTURE IN GEXERAL. 

The amount of soil moisture may vary between wide limits for any 
one type of soil, ranging from a water-logged condition, when the pore 
space between the particles is practically filled with water, to almost 
* Brigge, L. .1. U./S. Bu reau of Bait fi, Bull. 10 {iS!)7). 
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complete rlryness, A "ood proportion of the earlier work on soil physics 
was devoted to experiments on the amount of water held in the soil under 
vaiyinj^ conditions, and a broad series of divisions was worked out. 

(rt) The otuiximum water capacity and pore space. 

did a considerable amount ot work on tbc maximum water 
capacity, which is defined as the amount of water necessary completely 
to fill the interspaces between the particles. It is obvious that the mode 
of packing of the soil particles will directly affect this value. King there- 
fore employed soils in their natural condition of consolidation, obtained 
by driving metal cylinders into the soil. When the desired depth was 
reached the surrounding soil was removed, and the cylinder, full of soil, 
taken for experiment. The results are given in Table I, and show the 
progressive diminution in the maximum water capacity, with increasing 

Table I. 

Maxitfuim water capacity of different depths of soils (King). 


Drplli of .sat 
itu-lu'S 

Wfij'lit vvlu'ii 
full of watrt' 

lit. 

<frv' 

lb. 

tv eight of 
water 
lb. 

Water expressed 
in inches 

Per cent, 
of water 

1 -li> 

21:53 

1.V09 

G-24 

5-88 

41-3 

12-24 

2427 

18-94 

.“)-33 

.:i-03 

28-1 

24 

2427 

18-89 

.5-38 

,5-07 

28-4 


2489 

19-94 

4-9o 

4-67 

24-8 

48-60 

26'9l 

22-92 

3-99 

3-76 

17-4 


depth of soil. The water necessary for saturation was found to be greater 
in amount than the maximum values observed in the field when the 
soils were water-logged, owing to the more complete displacement of 
air in the laboratory experiments. The main value of experiments of 
this type lies in the information afforded on the pore space in soils. This 
is essentially a function of the size and mode of packing of the particles, 
but is also affected by the proportion of organic and colloidal matter 
present. These materials, besides having an important bearing on the 
formation of compound particles, and hence directly on the pore space 
— a phase discussed in more detail in the section below dealing with the 
h^-groscopic coefficient— also imbibe large quantities of w^ater and swmll 
considerably, thus increasing the effective volume of a given weight of 
soil, and allowing it to take up more \vater than it would otherwise do. 

(6) The permeability of soil. 

The pore space in soils can also be studied by permeability methods. 
The permeability of a soil may be measured by that volume of liquid 
^ Agric. Expt^StaUon iilh Kept. (1889), p. 189. 
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which will pass per second through a soil coliuini of 1 c,c. cross-sectional 
area, and 1 cm. in length under 1 cm. head of press\ire. The liquid usually 
employed is water, but the permeability to gases can also be measured, 
and is defined in a similar manner. 

By far the most exhaustive study on these lines has been done by 
King^, who examined the permeability both for air and water of many 
porous rocks, and a large number of porous media. Various devices were 
used for the latter in an attempt to bridge the gulf between a capillary 
tube of uniform bore, in which the flow follows the well-known Poiseuille- 
Meyer Law, and a mass of particles, which gives in effect a number of 
irregular channels between the grains. These devices consisted of bundles 
of capillary tubes, bundles of knitting needles, brass tubes containing 
discs of wdre-gauze, closely packed but haphazardly orientated, tubes of 
quartz sand of various grain size, and so on. King finds almost invariably 
a departure from the proportionality between flow and pressure which 
would be expected from Poiscui lie’s law, the flow increasing faster than 
the pressure. The reason for this is very difficult to understand. Kontgen*'^, 
Warburg and Sachs^, and K. Cohen'*, have all shown that the viscosity 
of water diminishes slightly with increasing pressure, but this diminution 
is not nearly sufficient to account for the observed increase of How witli 
pressure. The possibility that entrapped air in the materials was gradu- 
ally washed out as the pressure head was increased is largely negatived 
by the careful technique used. A satisfactory explanation is, as yet, 
wanting. King’s attempt to show that his observed increases are paral- 
leled by similar results obtained in the classical experiments of Poiseuille 
and Meyer, on which the laws of capillary flow were based, is not com- 
pletely convincing. 

C. S. Slichter, in an ajipendix to King’s work, has examined the 
mathematical conditions involved in the flow through porous media on 
the assumption that the particles are spheres of one size. Generally he 
confirms the experimental results, and is able to show that slight in- 
creases in the porosity of a soil due to the more open packing of the 
grains have an enormous influence on the flow of water or vapour 
through the soil. If two samples of the same sand are packed so that the 
pore space is 26 per cent, in one case and 47 per cent, in the other, the 
flow through the former is only one-seventh of that through the latter, 


' King and Slirhtpr. ‘‘Principles and conditions of the niovcmciits of ground water.*’ 
19fA Annual Report, 1899 (Pt II}, (U.S. Cool. Survey). 

2 Wied. Ann., 22 (1884), p, 510. Wied. drift., 22 (1884), p. ol8. 

* Wied. Ann,, 45 (1892), p. OOO. 
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while if the pore spaces are 30 per cent, and 40 per cent,, the flow through 
the latter is 2 ’6 times that through the former. 

Green and Ampt\ in some ingenious experiments, have examined 
some of Slichter^s results, both for “ideal” soils^ and quartz sands. 
They obtain the paradoxical result that Slichter’s permeability formula 
closely expresses the results for the irregular grains of quartz sand, hut 
not for the spherieal partieles composing the “ideal ’ soil. They believe 
that the explanation of this is to he found in Slichter’s method of treating 
each soil capillary as if it were a double triangular shaped pore with a 
partition down it.s ceiitie, instead of an undivided approximately rhom- 
boid a I pore at its narrowest part. Reference to Fig. 1 taken from Green 




Fi^. 1. ArrHiigoinents of in an idral soil (Gnn*n and Ainjit). 

and Ampt’s paper, will make this clear. Tt is not until the closest packing 
of the spheres is attained that the pore is divided into two. Extra- 
})olatiot) of tlie experimental results to the minimum pore space, which 
is readied wlien the spheres are packed as closely as possible, gives a 
value approximating to Sliihter’s theoretical x^alue. For all the other 
systems of packing the rhnmboidal jmre will have a considerably greater 
permeability titan SIichtei‘’s method of analysis would imply. On the 
other hand the angular shapes of the quartz sand have the effect of 
dividing the pore into triangular passages, and hence the agreement of 
experiment with theory is better in this case. 

* -Jourtt. Agrif. Sncvc(’, 5 (1912-1 1'j, )>, 1. 

(•rocii jiiid Anipt sfiiU' tiuit thy .sn-ealk‘d dew ’ of the picture post-card 

art i.«l is I'oinptssed of almost [lerfectly apherical .Lirains or heads of glass of diameter -25 mm. 
iipwiirds,,atulis tlmsun invalmihh; materiiil forox{>eriniejital tests of thoorctioa] deductions, 
such as those of Slkhter. 
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(e) Capilla rjf effects o nd the ' ‘ wa ie r reUi ining ca pacitg . ’ ' 

In earlier experiments on tlie same lines as those quoted iti the. pre- 
ceding sub-section, Green and Anipt^ found that the penuoability of 
an actual soil when mea,sured with water was less than with air as the 
experimental fluid, and that the ratio of tiiese two \*ahies varied with 
the amount of colloidal matter present. 

As noted above, the imbibition of water by tlie colloidal material 
Tiicaiis thut a soil, draining under the influejice of gravity, will iiold up 
more water tharuit would otherwise do, and, in addition, the diminution 
ill the diameter of the capillary pores a.«! a result of the swelling of the 
gehinaterial will tend to increase this amount still further owing to the 
production of more effect ive interstices between the soil particles. It 
would therefore be expected that the perjiieahility of the soil to water 
would decrease with increase in colloidal and organic matter. 

The following values taken from Green and Ampt’s j.>Hper illustrate 
this (Table II). 

The actual permeahility (P) of a soil can be .shown to vary inversely 
as the vi.sco.sitv {g) of the fluid used in the experiment. Hence if two 
different fluids are used, say air (u) and watei' (^c), the value of the ratio 



by any action of the fluid on the soil. 


Table II. 


Values of Ratio 


7} r 

/or three sods (Green and Ampt). 


('iintorKurv Naiid ... --n. J-O 

rnivcoity IjOiiiti ... .'r*i. :M, 41. U'O 

tVorriljw (.'Itiy ... I t-'i, 12-4, I 


ft will be seen that the values increa.se rapidly with increasing ])er- 
centage of clay. This is due to the imbibition of the water by the col- 
loidal portion of the clay, and the resulting constriction of the capillary 
pores. Low values are thus obtained for P,,,. and are reflected in the 

high values of the ratio - . 

, V H}R w 

Crump® shows that the organic material has considerable influence on 
the total amount of water held. Working with extreme tv pcs of organic 
soils, such as moorlands and peats, he find.s that a definite relationship 


’ Jottrn. A<]ri<'. Svif-nrr, 4 ( 1011 - 12 ), ]>. 1 . 
“ Keui 12 (l!H:4), p. 12.'>, 

Joum. of Agpic, Sci, x 
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olds for any one ty])e of moor or peat soil, between the amount of 
or^aiiie and colloidal material — collectively referred to as the humus 
content by Crump— and the water content. The latter was obtained by 
nieasurinf^ the loss of water occurring when the peat was thoroughly 
air dr ied at about 15 ' C., and the former was determined by the difference 
in wciglit when the peat, ]>rov'imisly heated at 100° C. to drive off hvgro- 
scopic moisture^, was ignited to a dull red heat. Over the whole of the 

c.xperiiiients it was found that the ratio ( . content \ very nearly 

Vhumus content/ 

a constant for any one type of soil. This constancy persisted when vary- 
ing depths of the soil were separately examined, in spite of the consider- 
able d die re rice in actual rTioisture content. Crump proposes to call this 
ratio the “coefficient of humidity” and considers it is the best way of 
expressing the water content. The subjoined table is typical (Table III). 

Table III. 


Values of the coefficient of humidiitj (Crump). 



^laterial 

U^ater at C. 

Humus 

Water 

Humus 

(i) 

lIumiLs at \-2l ins. 

170-0 % 

55 ’ n % 

3-00 % 

m 

Sandy soil below (i) 

30-4 

10'4 

2-92 

0) 

Black soil at J 1 J ... 

67-4 

3,3-4 

2-01 

(ii) 

Same at ins. 

40-3 

18-0 

2-10 


It will be seen that a close relationship holds in these extreme types 
of soil between the amount of humus and the moistiire in excess of the 
hygroscopic moisture^. Data are as yet lacking for similar determinations 
on ordinary soils, but sonic preliminary work of Crump in the paper 
mentioned seems to indicate that similar relationships will hold for the 
colloidal clay content in these soils as for the humus content in'the peats. 

Recent work of Alway and Nellei^ on the influence of organic matter 
upon the wafer-holding-capacity of arable soils indicates that slight 
differences in moisture content between adjacent, plots can be accounted 
for on the assumption that the organic matter has the same water- 
holding capacity as some of the most adsorbent peats. These retain, 
even when well drained, 300 to 400 parts of water to 100 })arts of dry 

' l.c, Mic moistiin' rciiiainiii;! in the lo' air-dried sample, 

- Tile liy,trmse<ipi(‘ moisture is the amount of wafer held by an air-dried soil and should 
not lie eonfiised ^wth the hygroscopic coefficient, which is the amount of water taken up 
hy a dry soil when exposed to a saturated atmosphere of water vapour. There is, of course, 
a S^eneral [larallrffism between the two. 

^ ./m/nr. ,Vjnr. 16 (1919), p. 203. 
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peat. A [way and Neller found that a diffonuice in manuriul ti eatrnent 
on two adjacent plots had resulted in a difference of 1-37 per cent, in 
the organic matter, which gives a calculated difl’erence in the water- 
holding capacity of about 5 per cent. The observed value was approxi- 
mately equal to this. It should be noted that even if the whole of 
the organic matter present has the high water- holding capacity of 
400 per cent., this wall on the average account for only about 50 per 
cent, of the moisture content. Thus the plot containing 3-30 ]>er cent, 
of organic matter varied in moisture content frotji J9-0 ])er cent, to 
28-9 per cent., and the plot with 4-76 jjer cent, organic matter from 
20*1 per ceid . to 33-0 per cent. Other factors such as the colloidal |»rn- 
peity of the clay must therefore be included. 

It is clear from the experiments of Crump, Green and Ampt, that the 
capillary effects in soils are very dependent U])on the nature of the sur- 
face of the pore spaces. If these surfaces are mainly gcl-like in cliaracter 
there is every reason to believe that the water relationships will be pro- 
foundly influenced. 

The foregoing consideration.s indicate the main factors concerned in 
the watcr-retainiiig-capacity ’ of a soil. This is defined as the amount 
of water a previously saturated soil retains when allowed to drain thor- 
oughly into the subsoil under the action of capillary forces and gravity, 
while protected from evaporation. It is obviously of practical importance, 
because it gives some measure of the actual amount of water retained 
by soils under natural conditions, and closely coi‘resj)()iids to tfic sum of 
capillary and hygroscopic water in Briggs’ classification of soil moisture*. 
A large number of determinations have been made on tJii.s {piantit\’, 
botli under laboratory and field conditions, but the modes of procedure 
vary very considerably and there is, at presen f, no widely adopted 
standard method. It depends on the soil structure and texture, the 
water-retaining- capacity being greater the larger the number of inter- 
stices in a given volume of soil, and also, as mentioned above, on the 
nature of the soil particle surface, the water- retaining capacity increasing 
with the percentage of organic or colloidal water. Alway and fellow 
workers have recently done a considerable amount of work on the subject, 
and have endeavoured to correlate the \alues obtained with various 
physical ‘'constants” of the soil. The results arc discussed below in the. 
appropriate section. It is of interest to note fiere some maximum and 
minimum limits of moisture content under various field conditions. 
Widtsoe and McLaughlin^ working in Utah found that the maximum 
^ lief. p. 45. 3 115 {11)12), p. m. 
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iiiiiount of water held by the soil against gravity under field conditions 
was about '1\ per cent, (on dry weight) and the minimum amount about 
8 per cent, except in the top font, where it was less. 

Iletei'minations made by Russell^ show how differences in organic 
content affect the amount of water held by the soil. The figures are 
expressed as volume percentages (Table IV). 

Table IV. 

Relation of water content to loss on ignition (Russell), 

Volunu' of wat^-r 

on III normal After period (if drou'iht 
lUithaiiisUvi soils iynition moist state (1909 and 1910) 

T*oor (loavy loam ... 4 ^ "o 17-0 

Heavily dnrniod amhlc soil U) (l .S()'3 l>0-0 

(^y) Ca pillar g moremerit of soil leater. 

The capillary rnovejtient, of soil water may take place in all directions. 
The inajoritv of tlie investigations deal with the upward mo', CMiierit of 
water, and less work has been done either on downward or lateral 
movement. 

The general subject of the effect of capillary forces in causing move- 
ment of water in the soil is examined by Alvvay and McDole®. Very 
diverse views on the subject, have been expressed by different workers, 
some of whom consider that the wmter may come from very great depths. 
Mitsclierlich^ as the result of an indirect calculation from experiments 
on the “heat of wetting’’ of soils finds the enormous value of 2 to 3 kilo- 
metres ff)r heavy clay soils. He considers this value to be of no practical 
iinportiince and his experimental values do not exceed 8b eras, over a 
period of three months, beat he r"^ trom field studies in India during the 
dry period, concludes that the maximum distance over w^hi'ch water 
moves upward towards the surface is very limited and does not exceed 
a few feet, A series of determinations made by him of water present in 
varving depths of soil over a period of 9 months is given in Table V. 
'Phe rapid loss of rvater from the third and fourth foot can hardly bo 
attributed to belated drainage, because the soil below’ 4 feet is losing 
water at the same time. There is a small, but definite, loss from the 
fiftli and sixth feet depths, while that from the seventh foot is scarcely 
perceptible. 

‘ Kusscli.E, ,), SodCondUions find Phint Growth, 3rdc(t. (191 7), p. 140. Longuians. 

• Joiini. Atjrir, Rf-a., 9 (1917), p. 21 . 

Lunihr. Jiihrh., 30 (1901 ), p. 301. 

* .Ifcwj. Ikjif. Aijtk. Indui, Cheiii, Series i (190S}, p. 79. 
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Table V, 


Weight in lb, of water jyresent at different times in varying depths of sod (Leather). 


p(h 

imh Sc'(>t. 

'JOth Oct. 

noth Xov. 

Stli Jan. 

15tli Feb. 

27t!i Mar. 

Otli May 

5di .Itinc 

15(h.hin 

ftXil 

|S-5)7 

I'>-7S 

14 g) 

12-l.-> 

12-10 

14-18 

10-8:5 

i:5-87 

10-41 

Uvi 

- 

in-27 

17 nr. 

IS-IT 

18-70 

10-U2 

io-:5o 

! 540 

1.5:58 



IS -84 

10 os 

1 1 •<).*) 

1 2-00 

10-51 

io-;5r> 

0-07 

o-o:{ 



17-51 

I8:ir, 

i:{ 54 

1 1-27 

0-27 

»'-55 

•MW 

ti-:5ii 


•A'i-Im 

'S.i-m 

21 -'ll 

2l-()7 

20-18 

10-50 

58-10 

10-20 

10-04 



:i.7t>0 

24 ■.■)0 

24-00 

2:5 -.M 

22-45 

20-82 

10-45 

18-00 


■2VyA2 

i»f;-oo 

iM-OO 

25-00 

25-;50 

25-20 

24-50 

2:mo 

24 -Ot) 

d 

\aa\2 

uo-nn 


125-88 

12:5-18 

120-85 

107-57 

104.:52 

100-81 


The present writer^ has shown that Slichtehs- values for the dimen- 
sions of the triangular capillary tubes in an “ ideal*’ soil, made up of 
spheres of one radius packed in the closest possible manner, may be 
employed to calculate tire probable ma.ximnm capillai \^ rise. The rela- 
tion deduced is 


where, h = height of lh[uid, R ^ radius of soil particle. 

The average rise in feet for ideal soils of various grain size is shown 
in Table VI below: 


Table YI. 


Capillnrg nse Di ideal soils oj various groin size (Keen), 


Soil fiacUon 

Dia. in 

Max. 

111111, ^ 

Min. 

in feel 

Fine gravel ... 
Coarse sand ... 

;5 

1 

1 

1 i 

Fine sand 

•200 

•010 

71 

Silt ... 

•040 

•010 


Fine silt 

•010 

•002 

1 50 

Clay 

•002 

— 

1 .5(1 upwards 


The possible height increases considerably with diminution in particle 
size and may theoretically be. inlinite, In actual soils tliere is no possi- 
bility of a high value for the capillary j-ise except in those cordaining a 
large amount of clay, and in this case the swelling of tlie colloidal j)ortion 
due to the imbibition of water will close many of tlie capillary tubes and 
reduce others to such a small diameter tliat movement of water will be 
exceedingly slow. Hence in practice W'c should not expect to find the 


^ Keen, B, A. Junm. Agrie. Science, 9 {U)]8 -1ft), p. StW. 
^ King and Slichtor, toe. ciL 
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values /or the capillary rise in soils of different textures approaching the 
theoretical ones given in the table. 

A further complication in soils is that the percentage of moisture in 
the column decreases with increasing distance from the source, i.e. the 
whole of the moist soil is not saturated. This may be due to one or both 
of two causes: at considerable distances from the source, water can 
ascend only through the finer channels in the soil, and thus the average 
water content in tlie layer will be short of tlie saturation value; the water 
may he present as a film over tlie surface of the soil particles and the 
capillary channels therefore not completely full. The motion of the 
water in this surface film would be very slow on either of the two hypo- 
theses considered in this paper. 

Although the capillary rise in fine grained soils exceeds that in coarse 
grained, the rate of rise is less, the equilibrium being reached more 
rapidly in the soils of open stiucturc. Q"he experiments of Loughridge^ 
are tyjiica] of the many investigations. Less attention has been given to 
rate and amount of downward penetration of moisture. Alway and 
McDole^ have studied the rate of both upward and downward movements 
of water in soils of varying original moisture contents and have com- 
pared the values obtained with the hygroscopic coeflicients^ of the soils. 
Generally speaking their results are similar to those of Atterburg^ in 
that no consistent relationships could be discovered. The rate of down- 
ward penetration, while showing little dependence upon the hygro- 
scopicity. increased with the amount of initial moisture content. The 
rate of capillary rise, on the other hand, was not so definitely connected 
with original moisture content, neither could any relation between it 
and the hygroscopic coefficient be traced. 

In any attempt to correlate data of capillary rise and downward 
penetration with the soil conditions the use of the hygroscopic coefficient 
is not, by itself, sufficient. As shown in the section dealing with hygro- 
sfopicity, this is essentially a surface phenomenon, and although the 
cayiillary cfiects will vary with the nature of the soil grain surface, they 
will also directly depend on the extent and size of the pore spaces in the 
soil. Measurements of permeability, etc., on the lines of Green and Ampt 
<luoted above, together with applications of the mathematical and , 
experimental investigations of Buckingham^ are all needed for the satis- 

1 CuJifonm Kjpt. Stu. Jiepf. (189l’-4}, ]\ 91, 

- Journ. A<jnr. A’m., 10, (1917), p. 391. 

* Laiuhv. Sfaf. 69 (1908), p. 93. 

^ ( . -S', iiiireau of Soils, Bulls. 25 (1904) and 38 (1907). 


3 -Sep footnote, p, 50. 



factory interpretation of data on capillary rise, or downward penetration, 
of water in soils. 

King^ did some experiments on lateral dilfnsion in surface soils, hy 
maintaining a constant water level at one corner of a shallow stpiare 
box of soil and determining the moisture content at intervals along the 
circumference of circles described with the corner as radius. Ife found 
that the lateral movement did not extend much beyond feet in 
31 days. No absolute value for tbe lateral movement can be oblaiuod 
from these experiments, as evaporation into the air from the soil surface 
was not prevented. Some interesting work hy Miint;' and (laudeclion- 
on the diffusion of salts in the soil has a bearing on the present Ru[>ject. 
They placed known amounts of vaiious fertiliser salts in different po.si- 
tions in a box of soil, and determined the subsequent distribution of 
these salts. Surface evaporation was prevented and experiments were 
also done on the influence of rain both natural and artificial -on the 
distribution of the sails. Diffusion was found to be very slow, especially 
in a lateral direction, Miintz and Gaudechon attribute this to the absence 
of a continuous medium, for diffusion, in other words, the soil water is 
mainly pi'esent as a film over the particles, in which case both the dif- 
fusion of salts within it, and its movement, would be verv slow. Even 
under the influence of considerable amounts of rain the downward 
diffusion of the .salts is slow, owing to the small value for downward 
percolation impo.sed on the soil water by the minute capillary s])aces. 

The whole question is extreiuely complicated, as a close relation 
exists between surface and capillary effects in soils, and any variation 
of one affects the other. Patten and Waggarnaiv'^ show (hat where the 
disturbing influences are not great, e.g. in quartz sands and similar 
materials, the time rate of absorption of dyes and various salts, and the 
distribution of these materials between solid and liquid can be ex])re.ssed 
by the usual mathematical formulae applicable to such studies. Hut in 
practice the disturbing influences are important. A detailed study was 
made of one aspect -the change in the physical ciiaracter of the soil 
itself consequent upon absorption of dissolved materials. The floccu- 
lated structure induced by acids and lime and the deflocculation with 
alkali, for instance, were shown directly to affect such physical factors 
as the drainage conditions, aeration, and the capacity of the soil to hold 
the soil solution and control its moyement through t,he soil. 

^ Wi^cormn Ayric, Expi. Skitim, 7 (1800), p. Mo. 

- Ann. Sci. Agron. (!1 ser.) 4, i. (1009), p, :}79. 

® U.8. Burma of SoilH) Ball. 52 (1008). 
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ie) The hygroscopic moisture in soils. 

All excellent historical suiiirnaiy of work on hygroscopicity of soils 
is <fiven in a paper by Alway^ and again in conjunction with Kleine 
and McDole^, and hence need not be repeated here. The principle under- 
lying the method is that the laige total surface of the soil grains will, in 
an atmosphere of water vapour, absorb on the surface a film of water, 
and this process will continue until the vapour pres.sure of the film .so 
formed is erpial to that of the vapour in which the soil is placed, when 
eiiuilibriiim will be reached. \^arious method.s have been used to deter- 
mine this hv'gi'oscopic coefficient. 1'he practical difficulties are serious. 
It is difficult to maintain an atmosphere saturated with water vapour, 
and the effect of .slight temperature and barometric changes is to 
cause arhlitional condensation of moisture on the soil surface. Various 
method.s have been devi.sed, among which ina}- be mentioned that of 
Kodcwald and Mitscherlich^, in which the air- dried soil in a thin layer 
is placed over 10 per cent sulphuric acid in a vacuum desiccator, until 
equilibrium i.s attained, weighed, and then dried for 4 hours at 100® C. 
over to obtain the dry weight. The difference between these two 

weighings is considetxd to give a measure of the total soil surface for 
the given weight of dry soil. 10 per cent, .sulphuric acid was selected 
hetan.se in experirneiits wuth varying strengths, it was found to prevent 
the format ioii ot dew, and at the same time allowed of the absorption of 
almost a.s much hygroscopic innistiire as from water. Mitseherlich, in 
subsccjiumt ])a|)ei's, developed the method to give further information 
on the .soil character. He considers^ that a determination of the soil 
suiface by a hyuro-scopicity method gives a measure of the fineness of 
the soil tvp(‘, without prcsuppo.'iing a definite form and the same specific 
gi-avity for tlie soil particles, and should therefore be superior to the 
ordinary jneclianlcal analy.sis, He further develops his method to obtain 
infoi'jnatioii on the compound particles existing in soil of good tilth, 
which arc of coiir.se broken down to their ultiniate grains in a mechanical 
analysis. The It) per cent, sulphuric acid is replaced by an organic liquid 
of iiigh molecular weight, which is supposed to condense only on the 
onter suiface of a compound particle, whereas water vapour condenses 
on the inner .surfaee a.s well, l\Iitscherlich considers that the value given 
by the organic liijuid experiments relates to the mechanical state of the 

‘ Xchrad-a Agric. r.t'iif. Stulkm AV-.v., BuU. 3 (1913). 

- Jijiirn. A (/nr. JRtii., 11 (1!)17), p, 147. 

■’ LdnAw. Vers. SM., 59 (19041, p. 433. 

* yjsrh. Angew. Chem., 23 (1910), p. 1840. 
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soil and case of working, while the siilphnnc acid dotciinination can be 
regarded as a ineasiiie of the soil prodiietivoness. His earlier views have 
appai-ently changed, because lie previonsi\' states^ that the hygi-oseopi- 
city is of no hnportance from the standpoint of plan! growth. l)Ut later 
on he asserts that hvgroscopicity and the yield are lelated by the 
law of minimum (ref. 4, p. oG). These experiments were made with 
mustard plants grown in sand with varying additions of peat. The eause 
of this change of view is probably connected with his investigation on 
this law^ which shows tliat its verification necessitates more cxatT data 
than are obtained by ordinary fertiliser expciimcnts. The Kellriegel sand 
culture method is advised. 

Mitscherlich’.s method is promising, and his attempts to ilistingnisli 
"outer'’ and “inner” surfaces in soil aggregates is worthy of attention. 
The condensation of moisture on the grain surface is, however, a complex 
phenomenon, because this surface may vary in any one cx})crimcnt, from 
that presented by qiiartz sand to a tvjiical gel, the latter of course 
imbibing water vapour and swelling during tlie exporirmmt. It follows 
that any preliminary treatment of the soil aft'ectiiig the .soil colloids niav 
have a corresponding influence on the value of the liygroseojtn* co- 
ellieieiit. Foi’ this reason Ehrenberg^ considered that the preliminary 
air-drying of the soil in Mit.sclierlicli’s method reduced the surface, 
especially where the percentage of humus was high: he tlicrefore sug- 
gested the use of nndried soil. Mitscherlich and Floess^ contend that 
these colloidal changes are eliminated, or at any rate reiideivd ncgliglbh* 
by the establishment of the va])Our pressure e(juilibrium when tJie dry 
soil is exposed to 10 per cent. H280^. In a latei' fiapiu"^ they ixxamine the. 
Ehreid;»erg-Eick modification of their method and find it unreliable owing 
to the time required by an experiment; and, as would be oxfieeted, the 
liygroscopicity varies with the original water content. Changes in the 
surface area of the soil could not be measured. 

A large amount of work on the hygroscopic coellicieiit has been done 
in America, the method used being the well-known one devised by 
Hilgard®, many years ago, in which watei' is empioN’t'd, instead of H) |)er 
cent, sulphuric acid. American investigator.s use the hygroscopic co- 
efficient thus found not only as a measure of relative fineness of texture. 

^ FukUng's Lan/hr. Zfg., 54 (lUOril, p. (iT;?. 

2 Lami)c. Ktr-y. Slat., 75 (1911), p. 2:5 i. 

ZMch. Angew. Che.m., 23 ( 19)0), p, IS-tl. 

* LanAiv. Jnhrb., 40 (191 1), p. lit.'). 

® Ihler. Mini Bodtnk., 2 (1912), }). +(i:5, 

® Amcr, Journ. Hrl, 7 (1874-), ]). 9, 
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and also for calculating the approximate amount of water available for 
ordinary crop plants, which, according to Alway^, is the difference be- 
Ivvwn total riioistiire content and hygroscopic coefficient. Hilgard at 
various times investigated the limits of accuracy of his method, which 
has also been studied by other worhers. Contradictoiy conclusions have 
resulted from incomplete or super-saturation of the atmosphere, and the 
absence of any accurate control of temperature. For purposes of field 
observations of moisture, etc., of different soils this lack of accuracy is 
unimportant providing reasonable care is maintained. 

Although a large amount of work has been done on the hygroscopic 
coefficient of soils, only a small proportion of it has aimed at ascertaining 
whicfi fKjrtion of soil constituents is mainly responsible for absorbing 
moisture, and a still smaller proportion on the mechanism of this absorp- 
tion. The idea im deriving most of the investigations has been to consider 
the value of the hygroscopic coefficient of tlie soil as a whole, as a measure 
of tlie average power of that soil to absorb inoisliue. But it is obvious 
that the diffei ent portions of the soil complex may take up moisture in 
very different ways, as mentioned above (p. 57). There will be a certain 
amount of surface condensation, analogous to the deposition of surface 
films studie({ l)y Bayleighl Trouton^ and others, on the non-colloidal 
portion of the soil; the colloidal material will give rise to a large range of 
adsorption and imbibition effects; and there is the yuobability of chemi- 
cal 1 combination, or hydrafiou, especially in the organic matter. Lux- 
moorc* has made a good pioneering investigation on the varying factors 
making up the total hvgi'oscopicity, employing for the purpose a large 
number of DoiRet soils, and using the correlation method. The experi- 
meutal methods employed were not very refined but the general con- 
elusions to which they lead arc probably correct. 

ile finds that the joint effect on the hygroscopic capacity of organic 
material and mineral particles is more than additive, and is probably 
due to the organic material being more effective than the coarser parti- 
cles in keejhng the smaller particles apart and free to exercise surface 
attraction. Table Vll shows the amount of water found in five soils 
placed over atmospheres of increasing humidity, compared with the 
anicnmt calculated from the contents of their respective soil fractions. 
It will be seen that the former is in exce.ss in nearly every case. 

^ Xd,frif!h(i Aijric, Kxpt. Sta. Ref!. Bull., 3 (1913). 

2 Fh,L Mag.. 30 (18D0), p. 28.',, p. 450. 

’ Pru-. Roi/. ^'oc., 77 A (1906), p. 292; 79 A (1907), p. 3S3 

* Jcaa/i. Agm', Scienci', 1 (1905-6), p. 304. 
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Comfxrrison of experioiental and calculated water conlcnts for' fee soils 
0 ver at uiospheres of in crea siny hu in id it y ( Ij ii x uioo ve) . 
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The organic substance in different soil fractions has ajiparently 
not identical liygroscopic power, and a siniilai leinark applies to 
mineral particles of the same size in different soils. \Miile increasing 
(ineness of particles results in an increase in hygroscopic capacity, the 
experimental data do not show that this increase is projiortional to tlie 
additional suilace presented. Luxmoore explains this by sii]i])osing that 
the smaller particles during their formation from the larger ones by 
fracture and attrition, tend to become more nearly spherical, and will 
therefore offer less surface than if they were reduced images of the larger 
ones. 

The relations between the hygroscopic cocilicienf and tlie ‘'heat of 
wetting’’ of soils have been investigated to a certain extent. This latter 
phenomenon has been ably studied by Muntz and (Jaudeclioid. Idiey 

Table V71I. 

Ileal evolved on wetting a soil and its cow ponent fractions (Mil ntz and 
Claudechon). 
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Ex^K'i'iirientJiJ value for fite .soil l-l^. 

find that the greater part of the observed heat evolution when water is 
added to soil, is due to the clay fraction as shown in Table Vlil. The 
organie matter weight for weight is even more effective a/ though its effect 
^ Ann. Ari. A^rm. (.‘J sev.), 4, ;i. p. .‘iU.'i. 
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is masked somewhat by the small pcroontage present in soil The ultra- 
microscopic or colloidal poition of the clay is shown to be responsible for 
the greater amount ot the heat evoh^ed. Hut the phenomenon is not en- 
tirely a physical one ; something else is evolved besides adsorption etTects, 
for if the soil is moistened with alcohol, benzene, etc. instead of water, 
the heat twolved is small in comparison (see Table IX). If mixtures of 

Table IX. 

Jhat ei'ohnioH of noil frnelioiis of increasing fineness in various liiiuids 
(.Miintz and Claudechon). 
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alcohol and water are added, the amount of heat evolved is again con- 
sideraldc. and in all cases the density of the. solution decreases, i.e. water 
is abstracted from the solution by the substance, especially when the 
latter is organic. Aliintz and Gaudechon conclude that the heat effect 
is probably mainly due to chemical combination. Honyoucos^ studied 
tli<‘ heat of wetting from a slightly different standpoint and arrived at 
ccjiK'lnsioji.s ill substantial agreement with Miintz and Gaudechon. 
Mitscherliclr did some preliminar)’ work on the relation between heat 
of wetting and the hygroscopic coefficient of the soil, but could find no 
ap})arent connection. The >vhole subject could profitably ho re-opened 
in tlu* light of present knowledge of colloidal phenomena. 

(C) ATTEMPTS TO OBTAIN A MORE COMPLETE THEORY OF SOIL 
MOISTURE RELATIONS. 

A .salient point brought out by a study of the above sub-sections is that 
each one is more or less detached from its neighbours. Jt ha.s been 
recognised for some time that tins division of soil moisture fails to give a 
(amiplete picture of the confinnoas processe.s operative between the soil 
and its moisture content when the latter changes over wide limits. This 
liHS led to a number of investigations— mainl}' by American rvorkers — in 
which an a( tempt is made to give more precision to the relation of 
\arving mnisture ctmtent to soil texture and plant growth. 

' Mich. Atjrh'. Coli. Tuck. Bull., 42 (IfllS). 

- Juurti. handle., 46 (189S), p. JoS; 48 (IgUO), p. 73. 
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These investigations hav’e followed, in the main, two lines. Tlie 
divisions of soil water discussed in the pi'eceding ])avag]';vphs. have been 
amplified by additional “equilibrium values'* of soil water under defined 
conditions, and attempts have been made to discover inter-relationships 
between these values. 

Among these investigations may be mentioned those on the “wiltin'’’ 
coefficient*’ — defined as the amount of water remaining in the soil when 
permanent wilting of the plant occurs— by llriggs^ and otliers. in whieli 
an attempt is made to correlate the requirement of the plant for water 
and the power of the system soil plus water to supply it; the “moisture 
e([aivalent,'’' also due to Briggs^ and fellow workers, defined as the amomit 
of water retained in soil after subjection to a centrifugal force, d<)(K) times 
the gravitational force. This force is supposed to remove the water lield 
in the larger capillary spaces of the soil; the aiiiount of water then re- 
maining^ — the moisture equivalent — gives a better (.luaiititative com- 
parison of soils than the wa1 er retaining capacity mentioned above. This 
amount of water is correlated w’ith the s(jil texture as determined by the 
usual mechanical analysis. It is found that for a typical and w’cll defined 
series of soils in which the material is mainly derived from the same 
geological source, the relation existing is given by the cc^uatiou; 

0-4 C + 0-59 D -h 0-53 E = di M, 

where M — moisture e(|uivaleut, 

C percentage of particles *05- ‘005 mm. in diameter, 

D ,, ,, below *005 ,, 

E = „ ,, organic mattei'. 

For other series of soils, tlic values of the nuinerical coefficicnls aiay of 
course, different. 

The influeuce of particles of larger size than group (,' is Hpjiareutly 
very small and may be neglected. A change of 50 per cent, in the amount 
of coarse sand amounts generally to a change of only 1 j)er cent, in the 
moisture equivalent. Further wmrk on the I’elation between the moisture 
equivalent and the mechanical analysis scorns to show- that mo general 
formula is universally suitable, a modification having to lie made for 
each soil type. This has been pointed out by Always in a jiaper embodying 
an examination of Briggs and 8hantz** indirect methods for determining 

1 Biij'.irs, L. J. JUKI Shantz, K. I.. fhnf hul, Ihil!. 230 (I!Mi>). 

‘ BrijCjxs, h. J. ami iIeJ..aTio, J. W. li.S. Hureau. of iS'oj7«, livll. 45 (11107). 

® JvHrti. A^ric, Res., 6 (LSJIG), p. 833. 

* Loc, cil. 
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the wilting coefficient. The latter investigation resulted in a series of 
ratios for the indirect ealcnlation of the wilting coefficient from either 
the mechanical analysis, moisture holding capacity, moisture equiva- 
lent or hygroscopic coefficient (Table X). Abvay, in the paper cited, 
examined the various indirect values for the hygroscopic coefficient, 


Table X, 


(Ifriggs and ShanU.) 


(The sfooiul torm in tlu.i thu proiniblf? error of the relntionsliii).) 


VViltiii<r«n 


rfioirtture I'qiiivali'iit 

1-S4(1±0007) 
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■68(1±0-018) 

nioisture holding capacity ^ - 21 
2-90(1 j_0-021) 

O’Ol sanfl +0-12 silt -i-0'57 clay- 
(li:0'025) 


‘ Hillard’s method. Soils (1906), p. 209. Xew Vork, 
- ^Simd '2- 'Ob [iiiii. in diameter. 

'vSilt •05—00.’) ,, „ 

(clay <'00r> 


obtained b)' proportionally altering the above ratios in the necessary 
matmer, and showed that caution was necessary in tlielr use, owing to 
the influence of soil type on the ratios. Other results of Ahvay^ east 
doubts on the validity of the conception of a wilting coefficient, in its 
original form at least, because it is sliown that plants can utilise approxi- 
niatcly all the water in soil do\Mi to the hygroscopic coefficient, which, 
according to the above mentioned ratios of Briggs, is only about -7 times 
the wilting coefficient. Some results obtained by Shull, and Bonyoucos, 
and referred to in more detail later point in the same direction^, 

Alway and McDole^ have established a series of relations between the 
moisture equivalent, the hygroscopic coefficient, and the water retaining 
cajiacity . They find with certain loams of knowm hygroscopic coefficients, 
that the amount of w'atec retained bears a relation to the hvgroscopic 
coeltieient, being from 2*1 to 3*1 this value according to the particular 

' Rvf, I, p, 58. 

- l-'oi- a dftailf'd summary uf wurk tlu- wiltiu- cueilioimiU wliieli liea ratliiT outside 
tile si'ope o[ the prf'siait paper, see \'. H. Blai kmaii {.Iwtru. Kcohxji/, 2 (19M-), p. 43). The 
pa(M'fs (4 Alway ami Sliut! shoulil also he reail in tlii.s eonneetiun. 

* Joiirn. Atjrii-. /iVs'., 9 (1917), p. 27. 
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soil (Table XI), wliile its relation to the moistiiro equivalent is somewhat 
closer — 0*8 to l-Ol (Table XII). An important result, shown by Table XI, 

Table XI. 

Ratio of mter content to hygroscopic coeffickni for fire soils, arranged in 
2" layers and in different orders in a draining cylinder (Alway and 
McDole). 
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Table XIT. 

Ratio of final water content in the surface 3" section of loams (o the moisture 
equivalent (Alway and McDole). 
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is that if a draining soil column is made up of successive layers of soils 
differing in texture, the order of their arrangement exerts no itifluenee 
on the final water content of each layer. An apparent anomaly is shown 
when a layer of coarse sand or gravel is iT\tcr])osed in tlie soil column. 
The layers of soil above the sand then show a higher rnnisitire content 
than w^hen they are in direct contact with the subsoil into which drainage 
takes place. It is well known that a gravel or sand subsoil in the field 
tends towards a better drainage of the surface soil. Any considerable 
mass of water in the surface soil is able to escape more ijuirkly, otlier 
things being equal, owing to the larger size of the pores in the grav'el 
subsoil. But when the moisture content is sulhciently reduced to brit^g 
the capillary pull into prominence in distinction to the mere gravitational 
drainage, then the layer of coarse sand effectively breaks the capillary 
tubes and the downward movement of the w^ater is slowed up very con- 
siderably, If these results are correct the logical conclusion would be 
tha1> the effect of a sand layer is to cause a more rapid initial drainage 
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Iroin a wet soil, but to leave a higher final moisture content in the surface 
soil. On the other hand, a finer textured subsoil, although giving a slower 
rate of initial drainage, will give a lower final value for the surface soil 
moisture owitrg to (lie iiersistence of the capillary pull in the subsoil. 

It u ill be seen that while most of the above investigations attempt 
to define, either completely or partially, the relations between the soil and 
tlie moi.stnre content, they are mainly applicable over some small range of 
moj.st (jrc content, or to some approximate equitibriuzn value. These values 
are of course interesting and important, but they do not lead to any 
clear conception of the laws holding between the soil and its water con- 
tent, when the latter varies between and through these equilibrium 
values. Investigations of a different type are necessary for this juirpose, 
and the most jjroniising lines are summarised in the succeeding section. 

{!)) SURKArB FORCKS IX SOILS AND THE COLLOIDAL HYPOTHESIS. 

Ir will he realised from the facts ])resented in the preceding sections 
that any consistent explanation of the varying facts observed must take 
into account the intimate relations existing between soil moisture and 
the soil grains over a wide range of water content. It cannot be said as 
yet f hat we liave a complete knowledge of these relations, and the various 
papers mentioned hi this seciiori should be regarded as indicating lines 
along which the problem may be attacked. 

Hv far the most imjiortant soil constituents in any examination of 
surface forces are (he clay and the humus. Recent work of Tempany^, 
in wldch the shrinkage was measured of various soils, previously moist- 
ened and worked into a condition of maximum plasticity, gives a valuable 
in.sight into the connection between colloidal portions of the soil and the 
water content. A linear relation is found to exist between the linear 
shrinkage and the pore space in the contracted (oven-dried) soils, for 
.soils of i\i(ieJy differing mechanical analyses (Fig. 2). The pore space 
in the contracted soil decreases with increasing content of colloidal clay. 
Tempany’s method enables an estimate to be made of the amount of 
total clay which exists in the colloidal state, provided certain probable 
assumptions are made, for which the original paper should be consulted. 
The percentage works out to a niuch greater value than that given by the 
earlier methods of Schlocsing^ or the later determinations on the same 
lines by Ehrcnberg and Civen'k where the amounts are about 1 per cent. 

‘ -Joiini. A(jrir. Sd.^S (IOMj-17), p. ;U2. 

- CItt'miriiic. Fiemy (Itui's, 1SS,5), 10, p, (w. 

^ A'o//. ZfiV., 17 (1915), p. 33. 
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onlv (see Table XIII). In this latter method the clay is acidified and 
washed to remove calcium and magnesium salts, and then allowed to 
settle over a long period in water to which a little ammonia has been 
added. The colloidal material remains in the supernatant liquid. These 
sedimentation methods, however, do not give a (quantitative value for 
the amount of colloidal material present in clay. On the provisional 
hypothesis mentioned earlier, that the soil grains are coated more or less 



Pore space per cent, on contracted bricks, 

I'ig. 2. Relation between pore space and linear shrinkage (Tenipany), 

with colloidal material, one would not expect more than a fraction 
of it to remain in susptmsion. A 'considerable amount undoubtedly 
remains on the grain surface. Apparently no examinations have been 
made by any investigators of the clay afi.er this 1 pec cent, colloidal 
material has been removed, to see if any great alteration has taken place 
Joum. of Agric. Sc!. x 5 




66 ^oil and its Water Content 

in its properties. A determination on tliesc lines would show at once 
whether the 1 per cent, in suspension represents the bulk or only a fraction 
of tlie colloidal clay. 

Table XIIT. 

Vnyptyrhan of tolul fine .si7/. and cJm/, a)ul colloidal clay in vanoiis S(dh 
(Teinpany). 
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A knowledge of the amount of colloidal clay present in soils is ceiiain 
to be of great use in studying soil relationships. For instance the effect 
of tlie .small amount of pore space in a soil containing a high percentage 
of colloidal clay, will be operative over a wade range of moisture content, 
down to oven dryness, in modifying the movement of water and water 
\ apoiir in the soil intorsfices. And again, a large amount of water will be 
])resentiii the rhiy-gel, thus existing under very different conditions from 
the so-callcd “free wmter” in soil. 

A study of the evaporation of w^ater from this aspect has been made 
by the present writerh It is shown that evaporation from soil and sand 
is very different in character. From the latter evaporation proceeds 
in accordance with the known laws of diffusion, and the results confirm 
the deductions of ?>riggs“ and Leather^ in which tlie soil is regarded ns a 
framework of mineral particles. But when proper experimental methods 
are employed the evaporation from soil follow’s a very different course. 
A mathematical examinatioji of the evaporation curves shows that twm 
t'fictors are operating over the whole range of water content. Judging 
by the hygroscopic coefllcients of those American soils comparable wdth 

' JourtK St'i.. 6 (inU). p, 4')(i, 

" r.X. Hurma of Bh!L 10 (18U7). ® Lor. cU. 
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the soils used in the vritei’s experiments, the initial ])ercenla<ie of water 
present was considerably above the hy^roseopie coeiticient, whieb there- 
fore must be regarded as an enuiiibri\nn value of moisture content, ajid 
not solely as an exju'ession of water present in one. definite pln-sirai state. 
The controlling factor in the evaporation of the soil moisture is apparent Iv 
not the organic matter per sp, as the removal of the ‘‘soluble humus'’ 
by ‘i per cent. NaOII makes very little difference. T>ut when the colloidal 
property of the clay is destroyed hy igniting tfie soil to a dull red heat 
the evaporation curve becomes identi<'al with that gi^•en by satul, in 
spite of tbe fact that tlie ignited soil still contains a large nninber of very 
small ])aj^icles‘. It is in all probability the clay fraction, which, owing to 
its colloidal nature, profoundly modifies the process of evaporalioii. The 
effect is expressed iji the eipiation deduced for the rate of evajioration 
by an expression of an exponeiital type, which ^ until further data are 
obtained on the relations existing between water content and other 
physical factors such as vapour pressure, must be regarded as empirical. 
The curve given by this empirical expression does not e.xactly tit tlie 
experimental one until allowuincc is made for tlie effect of the diminishing 
surface from which evaporation proceeds as the thickness of the moisture 
film diminishes. WTion this is done very good agreement is obtained over 
the whole range of moisture content used in tbe experiments. The actual 
general equation developed to express the two factors discussed above is: 

'.■1 

where --- time rate of evaporation, 

moisture content (perccjitage on drv weight of soil). 

*• = specific gravity (true) of the soil. 

B and K =■ constants for each type of soil used. 

These reaulta sho\v that there is an intimate connection between the 
soil complex and its moisture content over a wide range. Some very 
interesting work of Shull^ on the surface forces in soils emphasises this 
aspect of the question. Using Xanthium seeds, which have almost a 
perfect semi-perm cable coating, and rapid moisture e((uilibi'iiim adjust- 
nieut, he obtained two sets of data; (1) by susjjcndiiig tlie dry seeds over 
the vapour of aiil])huric acid and water niixlures of varying strengths, 
eni])loying Walker’s equation^ for the relation between vapour and 

' Tli« soils used in those experiments wlieii un shiiUing the. Ipottle, fi 

t:i(m<l of tine partieles, which tloiitd awfiv like smoke when tin* sttipper was (fnmvctt. 

* /fo/. (/a:;., 62 (lyift), p. !. * I nlrcxluction to llh vti. 1913. .Macmillain 
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osiiuitic pressures, lie obtained the corresponding osmotic pressures for 
varying water content of the seeds when in equilibrium with the vapour; 
(2) the dry seeds were allowed to come to moisture equilibrium with soil 
moistened to different degrees, arrangements being made to ensure that 
the seeds came into contact in turn wiflii every part of the moist soil. 
JIavirig determined the percentages of moisture in the soil and seeds 
when etpiilibrium is attained, the corresponding osmotic pressure of the 
soil moisture at varying w^ater contents is obtainable at once from the 
first set <d data, Hhiill finds great dilTercnccs in the surface forces for 
soil and sand. The sui'face forces for the soil used are of the order of a 
few atmospheres only, down to about 20 per cent, of water. At this point 
there is a rapid increase, until at a moisture content of 10 per cent, it is 
about lOOO atmospheres. Sand shows this rapid increase only at very 
low jiercentagos when the surface film effect comes into play. 

An indication of tiie value of an investigation such as the above may 
be gained by applying the results to the percentage of moisture in the 
soil at the wilting-coefficient. Blinll shows, firstly, that the seeds take 
up nearly as much water at the whiting coefficient, as when placed directly 
iiitct wafer, and that secondly, the, force whth which the soil particles 
withhold moisture from seeds (and plants) is not more than 3—1- atmo- 
s|)heres, wliereas the average root-cell sap pressure at this point is about 
7 - 8 atmosj)lieres. The plant wilts although both the amount and pressure 
gradient of tlie soil moisture are in its favour. Bhull concludes that the 
wilting coeiricievit therefore must be regarded as a measure of the water 
in the platif ajid not in the soil at the time of wilt. The cause of wilting 
IS due to the slow movement of the soil moistnre, the rate falling below 
that necessaiy to maiiitain turgidity of the cells of the aerial parts even 
under conditions of low transpiration. 

These experiments of Shull, while showing that the surface forces 
existing betwemi soil and water are considerable over a wddo range of 
moisture content, are not in themselves conclusive proof that the colloi- 
dal nature of soil i.s mainly lesponsiblc for the observed effects. How'ever, 
by attacking the pi'oblem from a different point of viewg Bouyoucos"^ 
and fellow workers have obtained a large number of interesting data, 
the interpretation of which recpurcs a recognition of the intimate rela- 
tions between the soil com])lex and its moisture content. These papers 
fall naturally into two sections, the first dealing with the expansion of a 

* 'I’lic variuuii papf'rs ilificiissod iu this o<.irm('rtiDn apficar in MkhUj(mAt)rk. Coll. Expt. 
SloCioH Tvdiiticid Biilktim, Xus, 24 31 (1916); 36 (1917); 42 (191S); .'ind in the 

.lourn. Atjiir. 8 (1917), p. 19,7; 15 (1918), p. 331. 
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moist soil when freezing occurs, and tlie second, on the lowering of its 
freezing point under different conditions. In the Hrsl series a, (lilato- 
meter was used, the moist soil being introduced into the bulb which was 
then closed and the free space filled up with ligroitn The dilatoineter 
was (hen cooled down to detirtHe temperatures, and from the observed 
rise in le.vel of the ligroin, the amount of water free/iim at any given 
tein[>erature could be calculated at once. The metliod has ])ecn etn])loved 
l)y Foote and Saxton' with inorganic hydrogels and they fiml tlnit bv 
no means all of the water j)resent can be frozen at temperatures slightly 
below 0^ C. In fact some of the w ater ]>i'esent could not he frozen even 
at as low temperature as - 78° (’. The expeiinients led to the eoncln- 
sion tliat the water could bo broadly divided into three divisions; free 
water, capillary-adsorbed Avater aiul cuiubiiied wuitet'. 'riiere was no 
definite line of demarcation lietwa-eu these thiuH^ groups and mure or 
less arbitrary temperature depressions were taken in ciassi lying the 
total w'ater content into the divisions, but the experiments clearly in- 
dicate that the forces existing between the water and tlie substances 
used arc of a very close and intimate character. 

Bouyoucos finds that similar conditions hold for soil, although the. 
relative amounts of the three groups vary considerably. In sandy soils, 
for instance, the free w^atcr appears to predominate largely, the remainder 
being almost entirely combined water, fn loams and silt loams the same 
conditions liold except that more water is present in the combined form, 
Avhilc in soils containing much clay and luinius. (he division is more 
C(]ual among the three postulated groups of Avater ('onfent. Ilouvoucos 
could obtain up (juantitative agreement l)et\veen the, amount of water 
that failed to freeze, and certain of the experimental charaeteiistics of 
soils, such as the mechanical analysis, moisture eijui valent, hygroscopic 
eoefficient and AAulting coefficient, although in some cases, notably tlie 
last tw'o, a C|ualitative agreement was found. This discordance is liy 
no means surprising in vieAv of Tempany’s experiments, mentioned 
above, on the varying proportion of colloidal clay present in the clay 
fraction of soil, and Avlien it is realised that sueli mea.su rements, as the 
hygroscopic coefficient for instance, attempt to give a single -valued 
expression to wffiat is in reality a coinplev set of variaf)les. 

Bouyoucos’ second lijie of research — the depression of the freezing 
point of the soil-sohitioh measured in situ- also indicates tliat very dif- 
ferent relations exist between soil and its moisture content from those 
between sand and water. These experiments were done in the usual 
* Journ. Avur, ('htim. 38 (1910), p. ass, 39 (191 /}, j). I lOS. 
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licokniann apparatus, both on soil extracts and on the actual moist 
sands and soils tlicmsolves, i.e. on the soil solution in situ. The results 
show that for moist sands the product of the freezing point and the 
percentage of moisture is appn)xiinatcly a constant, in other words, the 
d(’|»rpssion is invcMselc proportional to l^e concentration. Soils show" a 
difTerent behaviour, the freezing point depression increasing very rapidly 
with decrease in moisture content. The approximate relation is that the 
depression increases in geometrical progression as the moisture content 
decreases in arithmetical progression. The authors advance possible 
qualitative ex ]da nations of this difference, by assuming that in soils, 
part (d (lie water i.s rendered iinfree, in the sense tliat it takes no |)art in 
the freezing ])oint depression of the soil solution, as measured by the 
Beckmann ajiparatus. The present W'riter^ has been able to give this 
hvpothesis a quantitative basis, and has shown by an cxainination of 
their experimental data that the total moisture, free, and unfree w"atcr 
are related hy the eiiuations: 

where — total moisture, 

= unfree ,, 

}■„ - free 

X and it ~ constants. 

The terms ‘‘ free*’ and “ unfree in these expressions are used wuth the 
meaning Bouvoueos assigns to them: the free water contains in solution 
(he variou.s soluble salts, and follow, s the law" for dilute solutions, viz., 
that the freezing point depression varies inversely as the concentration: 
the unfi'co water takes no part in the depression of the freezing point. 
It is pointed out by the present w'riter in the paper on the above quanti- 
tative relations that these delinitions are provisional only, until further 
information is obtained on the possible physical — or chemical — differ- 
ences in the two cases. 

All the experiments discussed above have a direct bearing on the 
soil solution considered as the nut rient medium for plant grow"th. They 
sliou that the soil and soil solution arc bound together bv intimate 
relationships. A change in the moisture content is reflected in the re- 
sulting alteration of all the comjdex vai'iable.s involved. Consequently, 

» Kr^ti, ■p. .A. Joun}. Agrir. Scienn-. 9 p. 4(K>. 
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conclusions based on an cxaminalion of soil solnl lou after it has Ixm 
retnoi'ed from the soil^ cannot be regarded as necessarily ([uantitative. 
and it is open to doubt whether they are always (jualitative. As a, vesuit 
some considerable controversy has been aroused, winch lias mainly 
centred around the deductions y)f Whitney and Chnier{)n-, that the soil 
solution isverydilutcand praetieally constant in composition. It i.s linrdly ^ 
necessary in the present paper to give an account of the various views 
expressed, as this has been done elsewhere'^. The point which really 
needs emphasis in all studies of the soil solution is the recognition that 
the system soil soil solution must be treated as a whole. This })oint is 
brouglit out in all the experiments diseiissial in this concluding section 
of the present paper. The relations between tlie soil and its moisture 
content are exceedingly complex, and considerations of surface films 
distributed over an inert inineiul framewfirk, .such as .sa ml -grains, are 
insuftieient to explain the observed facts, for tliev give rise, as already 
noted in Sections (B) and ((') above, to a classifii'ation of soil moisture 
into more or less arbitrary and water-tight compartments. 

On the other hand the papers discu.ssed in this concluding section 
are eharaeterised by the develojunent of eontiniious relations between 
the soil and its moisture content, Study of the soil from tlie colloidal 
})oint of view appeals to he the nio.st promising way of olitaining further 
knowledge of these vital, but intricate, relationships. 

* Siimiiijirk-s of tin* various inutliods <if o.\Li‘actintc soil sojulion lut' jiivun Stilrs and 
J'.rsrcnsfn (Jouni. Hcotogij, 2 (1!1U), p, and }^<niy<>uvov. Tuh. HuU.. 24 (im.">)). 

- /'.iV. iiirrmn of Soib, Bull. 22 {190:}), 

■’ A full acaanint of work on tin* soil stthiiioii is ;<ivr‘n ky K. d. Itussoll. in Soil Coudiliou.'i 
uud Plant Grmoth, .'ird od. (1017), p. 101. Lcmijinim.s Sis- also, liy llii- s;nin‘ aullior, 
r'h'.tu. XV. Ann. Rejmrix, 15 (lOlS),]). 1 7J (“ .Ayo'icuitu la I Chemist tv and \'(‘e('taljle I’hy- 
s!(il{!<iy in wliicdi are discussed cNpenTneiits at tlio L’nivursity of California, iiivin<» 
rt'sults in opposition to the views of Whitney and Cameron. 
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THE DETERMINATION OF AMMONIA IN SOIL. 

By DONALD J. MATTHFAVS, 

{Rofhauisled Experimental Sfatimr.) 

INTRODUCTORY. 

Tt was early rero^niscrl that the figures for the ammonia in soils deter- 
mined tiy distillation at atmospheric pressure with strong alkalies were 
too liigh, owing to the simultaneous dec'om])osition of nitrogenous com- 
pounds. Ahirious methods Mere devised to overcome the difficulty. 

Sehloesing used a strong alkali but worked at air temperature. The 
material to he analysed was mixed with an alkaline solution in a shallow 
dish and placed close to another similar dish containing a dilute acid. 
A hell-jar was put over the two and the ammonia slowly diffused from 
the soil to the acid. The method was at best tedious and uncertain. 

Hchloesing also [iioposed another method, according to which the 
ammonia w as extracted from the soil with hydrochloric acid. The filtered 
extract wa.s boiled with a strong alkali to separate the ammonia. It was 
assumed that all the ammonia was extracted by the acid and that no 
more animojiia w^as formed during the operations. It is now knowui that 
neither assumption is justified. 

BoussingauLt suggested the use of magnesia to liberate the ammonia, 
eitlier at atmospheric pressure or in a partial vacuum. 

In 191(1 E. J. Russel investigated the subject more thoroughly and 
showed that even at low temperature and pressure nearly all the alkalies 
gave figures for ammonia which rose as the strength of the alkali was 
increased, and that there was therefore progressive decomposition of 
nitrogenous material. He found two exceptions. Magnesia did not give 
rise to much progressive decomposition because the low' solubility made 
a strong solution impossible, and similar results were obtained with 
w’fak alcoholic potash. Russell accordingly suggested the use of these 
two methods as the best available at the tiine. Unfortunately when 
tested on soils to which a knowui amount of ammonia had been added 
they proced to be very inaccurate, the error varying from thirty to fifty 
per cent. 


‘ Jonni. Aijnc. Sci., 3 (1910), p. 233. 
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Before and since the rlate of RusselFs paper many others have been 
published giving tlie results of comparative tests of the various processes 
in use. No reference need be made to them here, as tlie present paf)^' 
deals with the aeration process only. An exception must lo made liow^ 
ever in the case of a paper by Haragiola^ and Sehnppli, who used the\ 
magnesia process in an apparatus essentially the same as that figured 
bv Russell, and obtained a quantitative recovery of added ammonia. On 
the other hand they state that the majority of soils oxamiiual hv them 
were free from ammonia, a result so unlike those oblaiiied at Kothamsted 
and elsewhere as to throw some doubt on the reliability of their method. 

Ill H)U Potter andSnyder^ published an aceoimt of tlieir experiments 
on the determination of ammonia in soil by (he aeration method originallv 
introduced by Folin for the analysis of physiological fluids. Thev made 
use of the apparatus lecomniended by Kober^ for the determination iif' 
relatively large amounts of nitrogen such as occur in the Kjeldahl pro- 
cess. Twenty-five grams of soil w ere aerated with 50 c.c. of water and 
2 grams of sodium carbonate in a 500 c.c, Kjeldahl flask, and the am- 
monia was absorbed in dilute acid in a 16 oz.- bottle. With an air cui i eut 
of about 250 litres an hour they obtained good lesnlt.s by acialing for 
15 to 19 hours, and added ammonia was recovered nearly conqilefely, 
the error being as a rule less than two per cent, and gencially on t he side 
of defect. 

The only objection to the process is the length of time re<|uii'eib 
which not only makes it impossible to carry out inori^ than one set of 
determinations in a day but also introduces seiious I'isk of high resull.s 
in the oa.se of soils rich in unstable nitrogenous substances. One of tlie 
soils examined by the evriter of the juesent paper showaal measurable, 
decomposition in six hours on aeration with magnesia and sodium cliloride 
solution. 

With the aeration apparatus described below it is possilde to recover 
large quantities of added ammonia wdth an accuracy of 9S to 99-5 per 
cent, in six hours and with a nearly equal acciirac\ in three lunii's, wliib^ 
for most agricultural purposes an aeration of one and a half hours is 
sufficient. 


* Dr W. J. Baraiiiok hikI Dr 0. “Dio BcKtitiimiin 5 i ilos Aiajuuniunis iin 

Bodcn 11. 9. w.’- Die Lafidwirtscfi/'tftlichen Versuchs . BuikI \r; (1‘llT). j). 

® I’dtter, K. S. and Snydor, K. 8. “The Dotc'rminalion of Anunonia in Soils.” Jnu'u 
IJrpl. Sta. Bvh. Hull., 17, October, Iflbt. 

Kober, P. A. ami Grnvo.s, Sara. S. “Qnaiilitativ(“ Anunonia Distillaf ion liv Ai-raliun 
tor Kjeldahl, etc.” iil. Jmini. Arner. ('hum. Soc., 35 (HlDl), p. 1 oiM. 
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APPARATtJS. 

Tlie ap])aratiis is sliowti in Fig. 1, which is drawn to scale. The soil 
is put in the aejutor. A, a strong glass tube 83 cm. long and 23 mm. in 
diameter witli an egg-shaped bulb blown on it about 18 cm. from the 
iipjXT etid. The ail enters throiigli t he inlet tube, B, which has an internal 
diaineter of from 3*0 to 1 mm., and passes through the rubber stopper at 
the lower end of A as close to the glass as possible. It is supported in a 
Lrroov(‘ cut in tlie upper side of the cork block. which is cemented to 



(he aerator. Linen tape, not showm in the drawing, is bound firmly 
round the two tubes and the cork block. The inlet tube should fit in the 
groove loosely enough to allow' of it and the stopper being withdrawn 
for one or two centimetres without unbinding the tape. The upper part 
of the inlet tube for 10 or 12 eentinietres is bent to the right, upwards 
from the plane of the paper, at an angle of about lO*^ to allow of con- 
jioetion to tlie nc.xt set of apparatus. The upper end of the aerator is 
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closed by a rubber stoppei* eaiiy-ing a funnel, 7), whieli is loosely ]duggod 
with cotton wool to stop speay. D in its turn is comiected with the 
absorber, f ,by means of a rubber stopper and bent tube, E. 1 1 soft rubber 
stoppers are used there will be sutUcieiit play to allow of the connections 
being made when both aerator and absorber are llxed in position. If 
anv dllficulty is experienced the tube E may be cut and joined by rubber 
tubing. 

The absorber F is 40 cm. high and has an internal diameter of 17 or 
18 min. The capacity of the lower bulb is about 50 c.c, and of the upper 
bull) about 120 c.c. At the upper end is a rubber stopper carrying a 
splash-bulb M, the lower end of whicli is ground off diagonall)-. A glass 
rod, (7, fixed in tlie atop])er carries two rubber discs the diameter of which 
is slightly less than that of the inside of tlic absorber; they are cut from 
the end of a rubber stopper and sere e to stt)p splashing. 

The side tube of the absorbei* is suj)ported by slipping over it a short 
length of thick- walled rubber tubing, G, split lengthwise, and binding it 
to the absorber with soft copper wire. 

It is important that there should he no s].nice left between the rubber 
stoppers and the walls of the, tubes. The stopiiei's .should be chosen as 
nearly cylindrical as possible, of soft rublier, and slionid be cut off at tlie 
point where they cease to touch the glass. 

The drawing shows onl}^ one set of apparatus, but six may be used, 
the air pas.siTig through each in turn. A suitable stand for six may be 
nnule by constructing two wooden frames of the s,ha[)(i and dinieiisions 
shown by the dotted liiio.s, L, and joining them !)y four cro.s.s-bars, 7\, 
about 9'2 cm. long. The aerators and absui bcrs are snpportcil between 
blocks of cork glued and nailed to the four cross Ijais (these blocks are 
not showm in the drawing). They are held in position by tapes (also not 
shown) fastened to the back of the cros.s-bars by drawing pins. To pre- 
vent the aerators from slipping down, wedges of cork or wmod, M, arc 
fastened to them by rubber bands wdiich may be cut from wide tubing. 

An aerator and its absorber do not lie in the same plane, but as shown 
in the drawing, each absorber lies slightly nearej: the 1 liter jjutiip, that 
i,s, below the plane of the paper. It is thoi easy to connect the tu]» of 
the splash bulb, 77, with the inlet tube, B, of the ne.xt sel of apparatus by 
a bent glass tube and rubber joints. Tlie various joints should be made, 
of the best soft rubVier tubing wide enough to slip ea.sily on to the glass. 
There is little clanger of leakage as there is always reduceil pressure inside. 

The air entering the apparatus should be drawn from outside the 
laboratory and should be purified by passing through cotton wool, two 
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washers filled with dilute sulphuric acid, and again through cotton wool 
f>r glass wool to stop acid spray. An air current of 300 litres per hour is 
suitable and tnav be obtained with one large filter pump worked by 
water, or two of the ordinary siije working side by side and connected 
with a large glass bottle to equalise pressure. Good results have been 
obtained with currents as low as 200 litres and as high as 400 litres of 
air an houi'. If tlie current is too small the soil is not properly broken up, 
wliile too strong a current may lead to loss of acid from the absorber by 
splasliing. 

The apparatus is used as follows. In each absorber is put rather more 
AVbO sulplunic acid than it is exjiected will be reijuired; if 25 grams of 
soil are taken, 1 c.c. of the acid is equivalent to 1 1-2 parts per milbon of 
aitimoniacal nitrogen. A few drops of a O-Oo per cent, solution of methyl 
rod ill alcohol are added and then distilled w-ater free from ammonia is 
poured in until the lower bulb is nearly full. The stoppers at the lower 
end of each aerator are withdrawn siifficiently to allow of a small plug 
of cotton wool being fixed loosely in the end of the glass tube, and are 
then replaced. Twenty-five grams of the soil, previously passed through 
a 3 mill, round- hole sieve, are weighed into each aerator; the cotton wool 
plugs prevent the inlet tube being blocked. Then 50 c.c. of the alkaline 
solution are added and about 1 c.c. of good parafSn lamp oil. The alka- 
line solu^iOll contains 108 grams of carbonate of soda crystals and 150 
grams of sodium cldoride pei' litre; it is best made up in large quantities 
and freed from animoiua as far as possible by passing a .strong current 
of puritied air through it for some hours. The blank should he carefully 
determined, and should not be more than equal to 0-10 c.c. of A^/50 acid 
in 50 c.<-. In special cases, which are mentioned later, about 2 grams of 
reeentlv ignited magnesia and 50 c.c. of a 25 per cent, solution of sodium 
chloride are used instead. The first absorber is connected to the air pump, 
a slow current of air is started, and the \ arioiis connections are made one 
after anothei* from the pump outwards. The soil may n;ovc bodily up 
the aerator as a solid piug whicli ha\ve\ er always break.s and flows back 
on reachinsr the bulb. As soon as this has hap|)ened the air current may 
be increased to full strength. In about five minutes the whole of the soil 
will be finely broken up. The acid in the absorber should fill the whole 
of the stem and the lower part of the bulb with bubbles if absorption is 
to be conqilete"^. If it does not rise high enough, more w^ater should be 
used, or a loose glass rod capped at the bottom with rubber and bearing 

^ f lie importance of ample Rcrnlibing has been pointed out by B. S. Davisson, Journ. 
induct. Kihj. (V/fwo, 10, 8 (Au-». 1918). 
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two rubber disos similar to those fixed at the top of the absorber may 
be dropped into the tube, or finally a tube containing camplior may be 
inserted between the washers and the apparatus. This will cause the 
acid to break up into fine foani^; there is of course greater danger of 
losing acid by the earrying over of fine spray, so that iiarticular atten- 
tion should be paid to the rubber discs intended to stop this. After the 
aeiution has been carried on for a sufficient length of time the air current 
is cut down as far as possible without actually stopiiing it and tlic con- 
nections are broken in turn beginning at the end farthest from the pump. 

The titration is made with A'/oO sodium hydroxide and may be carried 
out in various ways. Tf the greatest accuracy is required it is Irc.st to 
proceed as follows. The upper stopper of the absorber is removed and the 
inside of the splash head and the glass rod and rubber discs are washcii 
into a 200 c.c. flask of hard glass with a jet of water from a. wash bottle. 
The bulk of the acid is then blown over into the flask tliroiigh the .side- 
tube by applying the lips to the upper eiid of the absorber, but the la f tec 
is not washed out. Standard soda is then run into the basic until the 
colour of the indicator begins to cliange, when the licpiid is poured back 
into the absorber. and again blown back into the flask. The absorber is 
washed out twice witli a little water. Owinu to the absorber not having 
been washed out at first, the Ih(uid will still he slightly acid, it is boiled 
for a few minutes to remove carbon dioxide, and the tlask is closed with 
a rubber stopper carrying a guard tube filled with soda-lime and cooled 
under the tap. Tlie titration is then com])lete(L 

If the greatest accuracy possible is not re{juired, the following method 
may be adopted. A soda-lime guard tube is fitted to the wasli bottle, and 
another to the top of the absorber so that no carbon dioxide enters it. 
The titration is carried out exactly as before, but the boiling is omitted. 
The results agree with those (obtained by boiling to less than O-lO c.c. 
of the acid, generally to 0*05 e.c. or less, and the saving of time is con- 
siderable, If this method is adopted the air should be passed through 
caustic soda before entering the sulphuric acid washers.’ 

EXPERIMENTAL. 

It is of cour.se impossible to prove at present that any method for 
the determination of soil ammonia is absolutely coivect. To do so it 
would be necessary to know every nitrogenous compound pi'csoiit in the 
soil and the extent to which it breaks dowm on aeration with an alkaline 

' I am intlobted for this .suwestion t(j Mr J]. .\l. Crovrtlu't' wlin has hccti th<' 

apparaliis for .some- months in lahoratoi y 'vvith comj)](:‘1i‘ suwns. 
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substance, or else to find a soil free from ammonia and easily decompos- 
able nitrogenous substances, In either case a known amount of ammonia 
could bo added and the accuracy of the method checked by the complete- 
ness of the recoceiy. We certainly are far from knowing every nitro- 
genous eornjjonnd in any soil, and it is very donbtfnl if there is any natural 
soil free from ammonia. It is true that Baragiola and Schuppld state 
that the majority of soils examined by tliem by distillation in vacuo with 
magnesia were free from ammonia, but the writer has not yet found a 
soil which did nut give up one or two parts of ammonia per million by the 
aeration method. Under the circumstances it is iiecessarv to give a some- 
what arbitrary definition to soil ammonia. RusseH’s- definition is that 
“a substance is called an ammonium compound if it evolves ammonia 
rapidly, completely and in one stage when treated with weak alkalies at 
low temperatures.” 

For tbe purpose of the present paper it is not necessary to modify 
tlie (lefiniii<iii lieyond addiiig that the aeration process shall be used and 
that tlie \\('uk alkali shall be magnesia in 25 per cent, sodium chloride. 
In nearly evei'N^ case the sodium carbonate solution will give the same 
result as magnesia. 

The definition i.s clearly defective. Fornianiide for instance is slowly 
deemmposed undei' the conditions of the analysis, and would be included 
under the head of ammonia. It is probable however that for most agri- 
calt\iral pur])osos such easily decomposed substances may be considered 
as ammonia without any serious error. 

Accepting the dcfiiiiiion of ammonia, the accuracy of the method has 
to be [moved. 

In the first [)lacc it was found that if pure earef\illy dried ammonium 
sul[)bate ^\'as treated in the apparatus, the ammonia could be recovered 
almost ([iiantitativcly. Tn the last pair of experiments made 2-778 mg. 
of ainmoniacal nitrogen was added and 2’780 mg. and 2*769 mg. were 
recovered. If this amount had been present in 25 grams of soil it would 
have eon'es])onded to IIM [lavts per million, with a recovery of 111*2 
and 1 10*S. the greatest error being 0*3 parts per million. 

The process wa.s ]iext tested on a number of different soils,' in as fresh 
a condition a.s possible, that is, (be analysis was generally begun within 
two hours ()f tlie. taking of the sample from the field, All soils were passed 
throngli a 3 mm. sieve with round holes. The following were used: 

1. Ivolluimsted soil, a rather heavy loam, 

2. Uothamsted s\ibsoil, a heavy clay. 


- f^iC, cil. 
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3. \\'oburn light sandy soil. This had bopu bottled ofT nl)out eighteen 
hours before analysis. 

1. Tnvo heavily dunged tomato- house soils. 

n. A calcareous soil taken from the outcrop of the ehaik on the 
edge of the Rothamsled plateau. 

In the. first place experiments were iiiade l>y aerating tlie soils for 
three, six, and nine hours to check the agreeiiumt of the lesulls ii}lrr sr 
and to determine the effect of varying the time. 

Ca ref idly measured amounts of ammonium siil]diate solution were 
then added to soils in which the natural ammonia, was detennined 
simultaneously, and the total ammonia was determined to test the com- 
pleteness of recovery. In order that lliis may be a strict test of the 
accuracy of the method it is necessary that the ammonia should be in 
equilibrium with the soil as regards adsor]ition.. 'hhis condition is not 
easy to fulfil without introducing other sources of erroi'. if the soil be 
wetted with, a solution of ammonium sulphate and allowed to staml 
for some time, over night for instance, two elianges may take pl<H‘e 
owing to bacterial action. More ammonia may be formed, and some niav 
be lost by oxidation to nitrites and nitrates. The iiios( probable result 
would be a rise in the ammonia and the recovery would apyiear to he 
more complete than it really is. The addition of antiseptics does not 
get over the difficulty entirely. If the mixture of chloride and earlionate 
of soda were added at the same time it \voiild almost certainly sfoj) all 
bacterial and enzyme action, but at the same time i( would alter the 
adsorptive power of the soil and in some cases would cause sligid de- 
composition. Even such an indifferent substance as toluene a})pears 
able to raise the ammonia content of a soil in si very short space of time, 
possibly because it does not inhibit enzyme action while it stops nitri- 
fication. The method adapted has been to add the ainmonia about two 
hours before beginning the analysis; bacterial action would jiot cause 
any important change in this time, while equilibrium would be nearly 
reached. The difficulty is probably not so great as it might a])))ear at 
first sight. Theory requires that adsorption should be instantaneous 
provided thrat mixing is also instantaneous. The curves show that less 
than one-fifth of the ammonia is evolved riming the first six minutes 
when 110 parts per million are present. In this time the soil is thoroughly 
broken up and the remaining four -fifths arc then in erpiilibrium. The 
conditions are the same as if we were dealing with a srril containing 
naturally about twenty per cent, less ammonia. 

The rate of evolution of the ammonia was measured and some of the 
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results are shown as curves in Fig. 2. Tn order to determine the rate, a 
small tap-funnel holding about 2 c.c. was sealed on to a vertical branch 
rising from the hoiizoiital portion of the inlet tube of the absorber. A 
little acid, ai)OUt one-tenth of the total amount which would be required, 
generally 1 (‘.c., was put in the absorber with the requisite quantity of 
indi(‘ator and water, and another similar quantity of acid in the funnel 
A largeSugg's hourly-rate gas meter was attached outside the air-purifiers. 
The current was started and as soon as the indicator changed colour 



Fi;;!. 2. Rato of evolution. Unly a few of tlie puiuts have been marked near beginning. 
'I'he slini'i lines above the end of the eiirves marked “Calcareous” and “Greenhouse 
.MfiO” show the «um of the ori^diial ami added amount^. 


the acid in flic funnel u'a.s allowed to flow into the absorber and the meter 
was read. The operation was repeated as often as necessary with de- 
creasing amounts of acid. Towards the end the indicator clfanged very 
slowly and the reading.s were somewhat uncertain. \\ lien ammonia had 
been added .so that the total was high, A/oG acid was used, hut when only 
a few parts per million were present A/250 acid was substituted. 

The curvp.s are if anything a more coiivinciug proof of the accuracy 
of tlic [iroccss than the simple recovery of added animonia. Thi.s is so 
jiarticularly in those for soils in which ammonia had been developed 
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slowly over a period of sonic weeks by pai-tial sterilization, since in tlii§ 
case we may assume that equilibrium had been reached. 

Botkamsted Soil. The soil was treated very easily in the apparatus; 
it broke up quickly and did not cake on the side of the tube. Duplicate 
analyses showed good agreement. 

(1) (!’) (3) (4) (5) (6) (7) (S) 

14 L-8 (i4 l-'.i 54 i'y-0 i;V7 

l-y 1-7 S-0 7-7 S'O 5-0 1 i.vn 

The two last samples contained solid ammonium sulphate: they were 
taken on dihercnt days from a field which had been recently tojvdressed. 
^\ith the addition of known amounts of ammonia the results were as 
follows: 


Aiiiiiundacal 


•n in paifa pej- in 

illinn 

Pi'L'sont 



IVi coiitn^e 

No. in soil 

Added 

Total Keeovered 

recciveiy 

y 

00-5 

58-8 .78-0 

98-5 

10 

1114 

11 4-4 

!)9-0 

It 1-5 

DM 

112-i; 110-9 

ilS-.a 


The soils were aerated for from five to six hours. In Exp. 11 the 
ammonia and alkaline mix had been added to the soil and allowed to 
stand over night. 

The lowest curve for a Rothamsted soil shows the rate of evolution 
of ammonia from a natural soil. The ariiouni ])resent, over 7 parts per 
million, is umisiially high and is probably due to the soil having been 
taken to a depth of about 3 in. only from a stubble after some days of 
verv hot weather. Snch conditions would probably hinder nitrification 
more than ammonification. The increase of 0- 1 parts per million between 
1107 litres and 1619 litres is doubtful, so that a sufficieaitly correct result 
could have been reached in about three hours or a little more. 

The curve marked “Rothamsted; pari, ster.'’ shows the rate of evo 
lution from soil in which the ammonia had been slowly developing for 
some weeks as the result of the addition of about 60 parts per million in 
the form of an easily decomposable nitrogenous compound which would 
at the same* time probably act as a partial stej'ilizer. The gradual in- 
crease of the ammonia in the soil had been watched by frequent analyses 
and the maximum was reached at the sample in (question after which a 
slow fall set in. The curve is of interest because the ammonia would 
probably be in comydete e([iiilibrLum with the soil. Tlie aeration was 
carried on for three hours longer than the curve shows but no more 
ammonia could be detected with certainty, and 1000 litres of air gave 

Journ. of Agrio. Soi. x 
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rpsults accurate enough for all practical purposes. There is no sign of 
progressive decomposition. 

Tlic upper of the three curves marked “ Rothamsted shows the 
evolution from soil to which ammonium sulphate had been added so as 
to briiig the total up to llll’G ]iarta per million. Aeration w^as carried on 
up to i!3(>0 litres of air but only 1 10*9 parts w’ere recovered, an efficiency 
of 98*0 per cent. At 1000 litres of air about 108*5 parts had been col- 
lected, 2*4 parts le.ss than at 2360 litres, that is roughly only 2*1 parts 
passed over during the last 4-5 hours of the experiment. 

Rothamsted suhsoiU On account of its high clay content this soil 
might be exjmeted to have considerable adsorptive powers. In three 
experiments in which ammonia had been added up to about 112 parts per 
million the recovery was y8-(l, 98*3 and 98*6 per cent. The curve for 
one experiment is given in Fig. 2, and here again nearly all the ammonia 
was recovered with 1000 litres of air, aeration for 1*6 hours more pro- 
ducing only 0*7 p.p.m. of additional nitrogeii. 

WdhifVP li(fht .sY/nd^ soil. This had been in bottle in a damp condition 
foT' about eighteen hours heiore analysis. Ammonia was evolved very 
rapidly and its curve would lie nearer to that for “alkaline mix” than 
any of those drawn. Tt showed no signs of progressive, decomposition: 
in one c.xperiinent 4*5 parts of nitrogen were evolved in six hours, and 
further aeration for three hours more produced a trace only, certainly 
les.s than half a part. In two experiments in wdiich ammonia w*as added 
98-5 and 98*8 per cent, of the total w*ere recovered; in one of these 97*5 
per cent, was vecoN’ered in t hree and a half hours. 

Towdla-iiOHse ^oils. These had been used in the glass houses the 
l)revious year, receiving large Cjunntities of .stable manure, and at the 
011(1 of the scnison had lieen thrown into heaps for use in pot experiments 
in partial sterilization. Owing to the size of the heaps and to their not 
having become aii'dried they may he considered fresh soils, hut not in 
tlie sense in which the term can he applied to a soil taken directly from 
a hold. Tliev were somewhat more difficult to aerate properly as thev 
clotted sliglitly on the sides of the tube just above the surface of the 
hfiuid. 

One of the soils gave much the same results ns tho.se mentioned above. 
Diivct (ietorniinations on the wet soil with the ordinary “alkaline mix” 
containing carbonate of soda gave the following results: 

(1) (2) (:p 

:’-t> T%-) :,r;! 

34 10'2 4-7 
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The differences for No. 2 are rather hi^h. They may be due to dc’ 
fective sampling. The ammonia content points to ratlier active bacterial 
action, and the presence of large pieces of straw and sucli material made 
complete mixing very difficult. 

The curve marked “Greenhouse; part, ster.” refers to some of this 
‘;oil rvhicli had been treated with a partial sterilizing agent free from 
nitrogen and allowed to stand for about two months in a large bottle. 
The ammonia, was therefore in equilibrium with the soil. On aerating with 
(000 litres of air 105-5 parts of nitrogen were found: at 1500, Ut7‘7 parts, 
and at 1800 litres 108-0 parts. There appears to have been a slow evolu- 
tion of ammonia from unstable nitrogenous material,, but the error due 
to stopping at 1000 litres would not be great. In any case there does not 
appear at present to be any means of avoiding this slow deromj)osi(i()in 

A second glasshouse soil proved very unstable. On aerating with the. 
“alkaline mix” it gave 3-9 parts in 3 hours, 5-4 parts in 6 hours, and 
7*7 parts in 0 hours. Some of the soil which had been allowed to stand 
over night in the alkali aiid was then aerated for 9 hours gave, 12-4 ]>arts. 

The soil was next aerated with magnesia and 25 per cent, sodium 
chloride solution. The results were better but progressive decorn]>osi(ion 
was still evident. The figures were at 3 hours 2-4 parts, at 6 hours 3'() 
parts, and at 10 hours 5-4 parts; they are indicated in Fig. 2 by 
“Unstable: MgO.’' 

Calcium carbonate was also used as the alkali. The results were 
independent of the time, but the recovery of added ammonia from a 
solulion of ammonium sulphate was so poor, ten to fifteen per cent,, 
that it ’was abandoned. 

The curve marked “Greenhouse MgO” refers to this soil after tin; 
addition of about 110 parts of ammoiuacal nitrogen. The recovery was 
98 per cent, and there was little change after the first 1000 litres of air 
had passed. 

With unstable soils such as this it is advisable to aerate with a definite 
amount of air, say 1000 litres, which can be easily determined by adding 
ammonia and drawing the evolutirm curve. 

Cakareotis soil Soils high in chalk present greater difficulties than 
auy of the foregoing, the recovery of added ammonia Ixfing less complete. 

A soil taken in January at Basingstoke and high in moisture showed 
3*2 and 3-0 parts of nitrogen on analysis. Ammonium sulphate was 
added to bring it up to 55 parts per million hut only 90 per cent, could 
be recovered. Two other experiments failed to recover more than 8fi 
and 88 per cent. The analyses w'ere then repeated near a steam-heated 

6—2 
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radiator, and very unexpectedly the recovery fell to less than 70 per 
cent. The soil was now no longer fresh enough to make it worth while 
carrying the ex])erinients further. 

Later the experiments were repeated on a soil containing 28 per cent, 
of chalk from an outcrop on the edge of the Rothamsted plateau. The 
sample was very dry and full of small fragments of roots and such 
material. Added ammonia was recovered to the extent of about 
115 per cent. only. 

\ fresh sample of the same soil was analysed after passing through 
a 3 nun. round hole sieve and found to contain 3 parts per million of 
nitrogen. Ammonia solution was added to another portion to bring the 
nitrogen up to 110 parts, and 94 per cent, only w’as recovered, A third 
portion was finely ground before analysis, and from this 99 per cent, 
of nitrogen could he recovered. Lumps of chalk picked out and crushed 
also gave up 99 per cent, of added nitrog^en without difficulty. 

A fourtli aample freshly taken gave 3-9 parts on soil passing the 
3 mill, sieve and 5-5 parts on a finely ground portion. The analyses were 
repeated next day with the same result. Added ammonia was recovered 
to the extent of 9G per cent, from the coarse soil and 97 per cent, from 
the fine soil. The evolution curve for the latter is given in Fig. 2. It "will 
be scon tiiat the shape is similar to that of the others. 

The addition of potassium oxalate did not increase the recovery. 
IMaiiy other experiments have been made on this soil which need not 
ho described here as they do not throw any light on the problem. At 
])resent one can only say that on a finely ground soil the accuracy is 
fair. In summer fine grinding presents no difficulty, but with a wet soil 
it would be almost impossible. 

Further experiments will he niadc with calcareous soils. 

The effect of substituting magnesia with or without sodium chloride 
for the ‘‘alkaline mix” has also been studied. It was found that a soil 
allowed to stand over night with magnesia and water showed a consider- 
able rise in ammonia. This may be attilbuted to bacterial action, the 
conditions being nearly an optimum. There is a chance of this taking 
place even during aeration so that the use of magnesia alone cannot 
bo Tccom mend 0 ( 1 . 

Magnesia with strong sodium chioride, from 15 to 25 per cent, 
solution, also gave higher figures for ammonia on field soils than did 
"alkaline mix,” but the difference was generally not more than one or 
two parts. It is possible that while bacterial action was stopped by the 
sodium chloride, enzyme action was not inhibited. 
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Magnesia however has one serious disadvantage in that it makes 
the soil dot on the sides of tfie tubes so that it is not properly aerated. 
It is better to use the “alkaline mix" except for very unstable soils sndi 
as the glasshouse soil mentioned above. 

The shape of the curves is evidently connected with the a(!sorpliv(' 
power of the soils. This point is still being invesligated ami will form the 
subject of another paper. 


sraniARY. 

Ammonia can be recovered from soil with an efficiency of to 
99-5 per cent, in six hours in the apparatus described. 

For most purposes it is sufficient to aerate the soil for tliree hours. 

Highly dunged glasshouse soils undergo partial decomposition in 
the cold with magnesia. In such, cases the soil should be. aerated with 
magnesia and strong sodium chloride solutiuji for a definite time, sav 
three hours. 

The complete recovery of added ammonia from a calcareous soil is 
difficult unless the soil is finely ground. 


{Received 30;/ji Augml 1919.) 



A NEW METHOD OF TESTING CHEESES. 

By ARTHUR GEAKE, M.Sc., A.I.C. 

{From the Bio-Chemical Laboratory, Chemical Defartment, 
University of Bristol.) 

It lia.s bcon sliown^ that an iinpoftant part of the ripening process of 
cheeses consists in the proteolysis of the cheese proteins, and it therefore 
seemed probable that by the estimation of the extent of this proteolysis 
a knowledge of the degree of ripeness of a cheese might be obtained. 
Although the ripeness of a cheese is a very important factor commercially, 
nt present purely empirical methods of judgment are in use. 

The best methods in use for the estimation of proteolysis arc undoubt- 
edly those based on the estimation of amino- nitrogen. The best of these 
are those of van Slyke^ and of SorenseiF. Accordingto the former method 
the substance is treated in an aqueous solution with a large excess of 
nitrous acid and the gases evolved collected in a specially devised burette. 
After absorption of the nitrous fumes in alkaline permanganate the 
volume of nitrogen remaining is read off and from this the weight of 
amino-nitrogen calculated. Many attempts were made to utilise this 
method but it was finally abandoned for the following reasons; 

(1} Tlie apparatus required is somewliat costly and complicated. 

(2) Although in the case of amino-acids the method gives accurate 
results this is not the case with proteins because a small volume of nitro- 
gen is alway.s evolved from llie reagents themselves and owing to the small 
])ercentage of amino-nitrogen in proteins this correction becomes very 
great and is moreover uncertain and liable to variation. 

(3) In the case of proteins the reaction with nitrous acid must be 
allowed to proceed for at least, half-an-hour, so that if a number of 
samples are to be tested the method becomes slow. 

Bdrenseii's method was found to be suitable for the purpose. The 
aqueous solution of the protein is brought to neutrality towards phenol 
phthalein by the addition of standard acid or alkali and is then treated 

' ('ornp,'ir<> Xieienstchi. this Jvurnat, iv. 22o (1912). 

- B. XLUi. ;}i70 {1910); U. xT.iv. 1081 (1911); J. Bid. Chem. xn. 27S (1912); xvi. 
121 (1913). 

® Cow])f<’.s Itniidu^ den Tramux dn- laborotoire de ('(trhberg, Vol. vtl. Pt. 1. 
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with an excess of neutralised formol. The formaldehyde eondenses with 
the free amino-groups: 

R.NIT. 4- H.CIIO -R.N - CM, H,0. 

and the acid previously combined with them i$ set free, hhom llie 
volume of standard alkali required to neutralise (his acid (lie weight of 
amino-nit rogen is calculated. 

Before the amino-]iitrogen can be estimated it is neccssam' to se])aratc 
the nitrogenous constituents of the cheese from the fat and to bring 
the former into scdiitiom The fat is Juost convenieutK' removed i>v ex 
tracting the fresh cheese sample with acetone. TJiis rcmove.s lirst the 
water, then the fat and leaves the insoluble nitrogenous residue in a 
fine state of division. This residue is then dissolved in dilute alkali and 
measured portions of the solution used for the estimation of aniiiio- 
nitrogen and of total nitrogen (Kjeldahi). Tiie amino-nitrogen is ex- 
pressed as a percentage of the total nitrogen and it is this percentage whieli 
if is believed may give a measure of the ripeness of a cheese. 

The details of the method as finally adopted arc as follows: 

A sample of the cheese, free from rind, about 8 grams ( | oz.) in wvigl^t 
Is ground three times in a mortar with portions of 30 c.c, of a(‘etone, the 
acetone being removed after X^ach grinding by filtration with suction. 
The last portion of acetone is removed as completely as })ossible and the 
pure white nitrogenous residue reinainiiig allowed to dry in th(‘ air for 
a few minutes. About 3 grams of the air-drv residue are i'ou<ildy weighed 
out and shaken for an hour in the macliine with oO c.(c of approx. 
X/IO KOJi solution. The greater part is thereby brought into .suliition. 
Tlic. iindissolved residue is filtered oil' by suction througli a thii'k layer 
of asbeafos; the filtrate should be almost perfectly clear. Usually the 
Jiltration is suflicientlv rapid but if this is not the case it is frequently 
convenient to extract the unfiltered liquid once with ether. This re- 
moves any fat that may still be [ireseiit and (aiuse.s inidis.solvefl ])articlcs 
of protein to float on the .surface of the aqueous layer. The latter is run 
off and filters readily. The clear aqueous .solution thus obtained is used 
for the estimation of total nitrogen and of ami no- nitrogen. 

Tof(tl nitrofjen. 5 c.c. of the solution aic digested with 20 c.c, cotic. 
112804 and 1 c,c, saturated CuSOj solution and the ammonia foriiHal 
estimated in the usual way by distillation into M 10 The excess 

of sulphuric acid is titrated with IS' /TO KOII. 

Andno-niiroyen. A formol solution is jirepared by adding 2 c.c. of 
a 1 per cent, solution of phenol phthalein in 50 jier cent, alcohol to 



88 


A Neiv Method of Testing Cheeses 

100 c.c. of commercial formol. The solution is titrated with N/10 KOH 
till just pink. As a control 10 c,c. of this solution are diluted with 20 c.c. 
of distilled water and titrated to neutrality. The titre should be negli- 
gible; if this is not the case the necessary coiTectioii is applied to the 
titres of the cheese solutions. 

20 c.c. of the cheese solution are made pink with 0-1 c.c. of 1 per cent, 
phenol phthaiein and titrated to iieutrality. This is best carried out by 
titrating ^virh till the solution is just colourless and then 

back-titrating to the neutrality point with X/10 KOH. Great care must 
be taken not to add more than 0-2- 0-3 c.c. excess of HjjS 04 . 10 c.c. of 
the forniol solution are then added and the solution again titrated to 
neutrality Avith X/IO KOIL From this la.st titre (the “formol- titre”), 
corrected if necessary for the titre of the formol solution itself, the weight 
of amino- nitrogen in the solution of cheese-protein may be calculated. 
The aniino-niti'ogeui is however most simply calculated directly as a 
j)ercentagc of the total nitrogen by the expression 

. . . formol titre . 

Ami no- nitrogen ^ o/ mtrogen. 

ammonia titre (Kjeldahl) x 4 ^ ° 

The preliminary experiments were carried out with samples of cheese 
kindly provided by the Cooperative Wholesale Society of Bristol. The 
quantities of reagents mentioned above slmuld be strictly adhered to. 
The addition of more^lFenoI phthaiein than given above or of large 
quantities of salt increases the value obtained for the percentage of 
amino-nitrogen. 

The amino-nitrogen percentage has been measured for a number of 
samples of cheese kindly sent for the purpose by Miss Jessie Stubbs, 
X.D.D., Head of the Lancashire County Council Hairy School, to whom 
I wish to express my indebtedness. In the following table these results 
are shown in comparison with the grade and general character of the 
cheese as judged by Miss Stubbs. 
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Table T. 


A ini no X 


Date 

deceived 

Date 

Analysed 

X'n. 

'lotal X 

ChiLie 

Ueinai ks 

0;7,14 

1.=3,.7/I4 

1 

4-7‘) 

11 

< >11 sutir side 



2 

.*■97 

F 

Xew Dane,, t.v|>i<‘a.l t'a< 



;} 

ti-sis 

(' 

(ioml ipiality, sti'oiij: lluvonr 

,, 


4 

4-27 

A 

1 )iy, too sour 



.1 

9-12 

V 

Old Lane., fat nn-llow etiee.<e 

,, 


() 

•VOO 

h 

i'lioddar, new 

27/8-I t 

27/8/J4 
29/8/ 1 4 

1 

1 

4-7S) 

4-S(ij 

F 

Dll dry .side 


1»7/S;14 
:2U;S 14 


0'98 \ 

D 

Old Lane., f;iL sti'onL’’ 

- 

^7/8/14 

l>0/8/i4 


0.721 

7.MJ 

j-: 

Chesijjre, fat 


27/8/14 

4 

4 '84 

1) 

X'i-w Ltiiie., made 8/8/14 


28/8/ 14 

.1 

4-97 

D 

X(‘w Lain-., made 10/8. 14 

,, 


(5 

7-51 

K 

Chedilar, fat and mild 


„ 

7 

7-84 

D 

Cliedtiar, Rofter than 0 


„ 

8 

fvo:i 

t: 

Cheshire, tat and mild 


„ 

9 

4-92 

A 

Too mncli acid 

,, 

29/8/14 

10 

7.20 

K 

K-'/ptl; flpon^fy hut fat 

” 

27/8/14 

29/8/14 

11 

11 

5- 701 

6- llJ 

D 

Kxptl ; mere acid, hard 


It is regretted that owing to the abrupt conclusion of the work in 
19M it was not possible to test the method more thoroughly. 


{Received 29lh August 1919.) 



SEED STUDIES: RED CLOVER WITH SPECIAL 
REFERENCE TO THE COUNTRY OF ORIGIN 
OF THE SEED 

By R. (R STARLEDOX. M.A. 

V'niA'er-^dij Colhyc of [ra/c'.v ; Aberij-du'i/th. 

INTRODUCTION' 

Thk counti v of oriuiii of .seeds of certain cultivated plants is a question 
of ^ro\vin<x ini])f)i'tance, and it is a {|uestion wiiich has cojue into pronii- 
nciua; in receiif. years, o\^ i^^,>; ])artly to had seed harvests at home and to 
<li(hculties of transport from abroad. Trials \vith Red Clover have been 
conducted on an e.xtensive scale on the Continent. BoergerC) states 
that exptM'inients made in (lermain’, Denmark, Sweden, Norwav, 
Holland and Austria prove btn'ond discussion tlial: Red Clover does not 
yield its maximum crop unless locally prown seed is used, RocinertiO) 
eoiul acted trials in (Germany witli Red Clover obtained from eighteen 
dilTerent sources: he states that the best results obtained exceeded the 
worst by one-tliird of the ci'O]) and that seed harvested in Hast Uerrnain' 
and Central Cerniany or in countries east of East (Germany arc the be.st 
for use in East Cermany, Trials have iiot been carried out in England 
on tlu* same .scale as on the Continent. Smith (12) at Leeds, how’ever. 
found fliat Red Clover ohi ained from difl’ereiit sources gave very different 
results for one year leys. Ho states, for instance, that the greatest 
weight of liay was obtained from English Single Cut Cowgrass, Canadian, 
United States and Ru.s.sian (.'lovers; \vhilst amongst those which gave 
the best .stubble grazing in tlie autumn and spring, after sowing, were 
Chilian and Xew Zealand Red ('lovers and English (i'owgrass, and these 
were also the elevens which he found stood the winter best. Trials 
conducted bv tiie writer in Mid-Wales sliowed that when Chilian Clover 
succeeded it gave the best stubble grazing: but that at high elevations 
and on exposed hrdds it did not stand the winter well. The clovers 
\vhi('h stood best into a second year were, moreover, English Single 
Cut Cowgrass and Red Clovers harvested from the Cotswolds and in 
Montgoiue/'yshire. has coiidncted exhau.stive in the 

Xovth of Scotland with clovers of different nationalities, and he finds 
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that seed from England or Wales or from the colder nortlierlv regions 
(e.g. Norway and .Sweden) arc more reliable than those fi'om sonthern 
warmer climates. Trials have also been conducted by die Trade, and the 
view is very generally iLeld, rightly or wronglv. tliat (’hilian ('lover 
liives excellent results for ordinary oik* year leys in parts of Scotland, 
and the Northern^ and Eastern Counties of England: but 1 liat. g('Herally 
speaking, good strains of Kiiglisli (.’lover give the liighest yields over 
the country as a whole, and that for two to three year leys hhiglish 
or Welsh seed is the best and that failing this, of the seed iiutsl abiin- 
dantlv on the market that from and Canada is tiu* most 

desirable. Piper (a) reforring to trials cotidiieled In America (| notes 
results obtained at the Wisconsin Experimental Station in l!H)i, 1902 
and 1905, at the Maine Experimental Station in 1902, and co-opcrativelv 
bv the United States Department of Agnculfure' in 1905. The highest 
yields were obtained from Americaji (Minnesota, Indiana and Wisconsin) 
and Orel (Ku-ssia) strains. The Orel {'lover liowexei' yields bid one 
cutting and consequently the total yield for the whole season would 
probably not be as great as that of some of tlie American varieties. 
With regard to the suitability of American Ked ('lover foi' Euroj)e, Piper 
states that it is objected to on account of its greater hairiness, and 
that the opinion prevails that tlie yield is not as a rule, as satisfactory 
and that the platiis are more subject to mildew. 

8uch evidence as is available see^ns tlieii to indicate that the country 
of origin of Ked Clover .seed lias a direct inllnence on the resulting 
crop; the general superiority of English seed, especially of English 
Single Cut Cowgrass, is moreover suggested by the fact that good strains 
of Engli.sh (.'lover usually fetch a higher pi’ice than foreign seed". It is 
therefore of considerable importance to be able to recognise the country 
of origin of a clover sample either by inspection or after subjecting the 
seed to siiilable tests. In fJie past, the contained weed .seeds in a sample 
have been chiefly relied upon in forming an opinion as to “Country of 
Origin.” This method has been used by Saunders (il) and 8LapIedoii(!-‘>) 
for oat samples, and particulars as to diagnostic ^veeds met witli in 
samples of grasse.s and clovers are given by Percivabs) and by Parkinson 

’ One reason for Chilian (.'lover being l.irgelv used i,s, <jl' course, that it is usually cheajKT 
<171(1 of better germinating capacity tluni iJnglisli; its greutcr use m Mortlieni t’ounlies 
being largely due to the fact that the ('liiliau Drnklcr is said not to become a serious jicst 
ill Scotland and the INorth, 

' It is often said that one reason for the higlier price of English seed is the fact that it 
u.iually contains greater exce.ss of 'vveecl .seeds tliaii foreign (;Iover, and therefore eosts more 
to clean. 




is a diagnostic impurity ajs is 
Amarafitfnhf spp., although to a 
lesser degree 
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and 8tiiith(T). The ‘'impurity method,” however, falls to the ground 
in the case of well-cleaned samples. The combined result of modern 
improvements in cleaning machinery and the introduction of the 
Testing of Seeds Order is, moreover, for cleaner and cleaner samples 
to be put on the market as time goes on. It was, therefore, decided to 
start investigations with a view to G.stablishing, if possible, a “country 
of origin test’’ other than “impurity” to be applied to Red Clovers. 

It is proposed in this article to give an account of the work that has 
been conducted. It was at first necessary to carry out a number of 
preliminary tests, and as the enr|iiirv proceeded it was found possible to 
e.xamiiK' certain j^lienonicma connected with clover seeds in general, 
but which had iio particular relationship to the country of origin of 
the seed, in order to deal adeciuately with the subject of this paper it 
will liowcn-ei' be advisable to give a short account of tire work as a whole. 
The major jrart of the preliminary investigations wore conducted by 
tlie author at Aberystwyth during 1916 and the beginning of 1917 with 
samples ohtaiired from the harvests of 1913 to 1916. The work was 
siibse(]ucntlc continued in greater detail at the Food Production 
Departments Seed Testing Station with samples obtained from the 
harvest of 1917, 

GENERAL CHARACTERS OF CLOVER SEEDS OF 
I)I F b’ERENT N ATIO N ALITIES 

Hefore tlescrilung the detailed investigations which form the subject 
of this paper, it will s(M've a useful purpose to indicate the broad 
differences which {tceur between the seeds of various nationalities. The 
('om])arativ(‘ r|nalities of the seeds are shown in Table I. 

It will i.)(‘ seen that Chilian and Canadian samples on the average 
contain the most and FrcTu'h and British the least hard seed. The 
British samples luno a decidedh' lower average capacity of germination 
than the clovers of all the other nationalities considered; Canadian 
ai\d Chilian samples are consistently better germiuaters than either 
British, Fiouch or Italian, for, although the average germinations are 
not inavkedlv higher than that given by the French and Italian clovers, 
samples with really [)()or geriimiations arc much less frequently met with. 
Tile Ciiilian ami Canadian samples arc also superior in the matter of 
purity and in this respect the Britisli equally with the Italian are the 
least satisfuctoiy. "With regard to specific impurities, the extent to which 
tlie large dodder occurs in Chilian samples is to be noted and this, of 
course, seriously detracts from the otherwise excellent quality of the 
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seed, although it must be remembered that, this partioiihir dodder, 
even wlien sown, does not gain a footing in cLM'tain distriets. The 
diagnostic features of the contained weed seeds )ieed not be further 
discussed but will be referred to in the summary at the end of the paper. 
The above brief review is unfoitnnatcly evidence of the fact that on 
the average the quality of l^ritish seed is less good tlian that of other 
iiatioiialitie.s. British seed is therefore, generallv speaking, of less 
attractive appearance. Consequently the farmer who pnvehases seed 
solelv on its appearance or on the basis of a declaration of pnritv and 
germination, without regard to coiiiitrv of oiigin or strain, runs the 
grave risk of acquiring an article not well suited to his particular needs. 

DKTATT.KD COXSIDERATIOX Ol'" TH1<: CH.AR.UTEKS iW Cra)\'KH 
.SEEDS OE DiFEEUEXT XATIOXALITIES 

Two methods of attack sugge.stod themselves, witii a view to recog- 
nising the nationality of a sain])le without having r':'sort to the nature 
of the weed seeds, namely (1) Careful comparisons of tlie characters of 
the seeds, such as size and grain-weight (i.(‘. weight per KKK) seeds), 
and the ratio that the seeds of different colon I'S bear to each other in the 
samples; and {2} The capacity of germination of the samples both at 
optimum and extreme temperatures, and the germination of the seed.s 
of different colours at different temperatures. 

1. Th?: Cr.vin-weioht .\ni) (.‘olouh ('jiaractehistk^s ok TI5E Seeds, 

The chief results obtained under this heading am <et out in Table H. 

From five to twenty samples were used foi' aiTiving at the figures 
for each country. The British samples were grouped into .d.x grades 
aecurding to the <]ualitv of the seeds and not less tluui five Kam]>les 
were used to represent each grade. The seeds wei(‘ graded into tliree 
colour classes only, viz. “Yellow.” which included lemnti-velJnw and 
slightly yellow-ochre seeds, this group consisted of non-mottled and 
non-parti-coloured seeds: "\’io]et,“’ which included violet, mauve, 
mottled and pavti-colonred seeds; and ‘'Fu'rnvn.” which included both 
well-developed and light brown seeds and also sucli as were, shrivelled 
and poorly developed^. It will be convenient to consider the rersiilts 
of the table tlrstiv from a general point of view and secomlly from the 
point of view of the country of origin of tlie seed. 

* This classification differs from tliat of I’rtuick and Wicrignafo) who separated their 
samples into Violet, ^rottlod, A'ellow, 'Briiwn {^u‘ll-rl('vn^rl}lc[]) an<l Brown (ill-developed). 
The simpler classification, liowcver, sufficiently served tlie piirjiose of the [ircHent iiivcsti- 
iiation. 



m 


Seed Stiidiefi 


Table II. 

To show the grain-iveight of seeds from different countries, and the grain 
weight of seeds of different colours ; also ike ’percentage of yellow and 
brown seeds in the samples. 


'I'hft avfnijfr; frennination of the samples which M’ere used for these tests is also shown. 


( V))intrv of 

Average 

L'erndiia- 

Percentage 

contribution 

of nf 

yellow brown 

Weight per KXX) seeds in grms. 

Violet- 

cum- yellow brown .411 colours 

origin 

lion 

.seeds 

iCM'ds 

mottled 


together* 

('Idle nnc. 

90 

3d '9 

4-8 

2-26 

2-24 

2-20 

2-25 

1017 


:i;i-8 

15 

2-23 

2-19 

2-14 

2-23 

Killy lOKi 

S.l 

!>9'5 

7-8 

1-71 

1-03 

1-40 

J-69 

lOIS 


40' 1 

1-1 

1-74 

1-08 

1 -2.5 

1-70 

Canada lOHl 

SO 

d5-5 

(j-0 

1-72 

l-,54 

1-37 

1-65 

1017 


20-7 

5-0 

1-69 

1-58 

1-40 

1-62 

hVfUKfi lOKi 

SS 

19-8 

J2-8 

1-58 

1-44 

1-28 

1-.59 

1017 


25-4 

3-0 

— 

— 

— 

1 52 

Jh'itisli lOKi 

91 

13 92 

15-26 

2(>0 

1-93 

1-70 

2-02 

1917 


12-00 

34-00 

2-10 

1-81 

1-70 

2-04 

19K) 

84 

15-35 

17-87 


— 

— 

2-08 

„ 1910 

70 

13-40 

25-40 

— . 

— 


1-94 

1910 

65 

9-80 

25-80 

1-93 

1-88 

1-58 

1-90 

„ 1010 

51 

8-30 

39-80 

— 

— 

— 

1-85 

1010 

31 

4-00 

31-00 

— 

— 

— 

1-73 

The greatest 

weight per 

10(X) grain 

of any 

Chilian sample wa^ 

; 2'52 grms. 


7'li(‘ greate.st 

weight per 

1000 grain 

of any 

British sample was 

2-35 grms. 


The greato.st amount of > 

(“How seed 

in any 

dritish sani 

pie was 2 

4 per cent. 


The least .atnnunt uf yel 

nw seed in 

any (" 

lilian sample was 2 

] per cent. 



* These \v<‘i^ht» are (lie averu^e of a greater number of samples than the weights 
given for the violet, yellow and brown seeds separately. 


(a) General. 

Tt will 1)0 noted that withont a sin ole exception the. violet-cuin- 
mottled seeds were heavier tlian the vello''.v or the, brown, and that the 
yellow were iK’avier <h;in I he brown. These rcsnlts confirm those of 
Franck and AVierijrnn fro, Biriier(i). however, states that yellow and 
brown seeds do not dift'er mueU in weight; this is more or less true in 
the case of fairly good samples, the brown seed in. which is well-developed 
and not shrivelled, but Franck and Wierigna's figures suggest that even 
brown seed of tliis character weighs slightly less than yellow, 

A large niiniber of tests were also put up to coni pare the relative 
germinations of Yellow, Violet^um-mottledand Brown seeds. 2200 seeds 
were used in thi.s connection, the average results were: 

Violet-cum- mottled 85 per cent, germination 

Yellow 84 „ „ 

Brown (largely ill- developed and 
shrivelled) 


51 
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Records were also kept as to the amount of “hard " seed bv 
the different colours both in connection with the above and other tests. 
The average re.siilta were: 

Violet-cum-niottled 7 per cent. 

Yellow 8 

Brown (normally developed) ... 9 ,, 

Brown (shrivelled and ill-developed) Less than one per cent. 

It will be seen from the above figure.^ that there is little <ir no 
difference in the germination of Violet-ciim- mottled seeds and \'ellow 
seeds, but that the germination of Brown seeds is not nearly as good : the 
germination of Brown seeds is, moreover, ]o^^ i?i proporjif)ii to theaiiHmnt 
of shrivelled seed present. Samples varied very niueh with refereiu e to 
hard .seed, in some eases Violet and in other cases Yello^\' gav(^ the higher 
percentage— on the average of several thousand seed.s, however, \ inlet, 
Yellow and Browti (well-developed) did not differ very mueli: but 
Brown (ill-developed and shrivelled) seldom gave rise to hard seed. This 
fact, as Franck and AVierignat'O point out. should cause no surprise, for 
as the result of shrivelling, temsion of the seed coat occurs which canse.s 
small “bursts'’ and thereby obviates hardness. 

If the average germinations arc compared to the gi'ain-w(‘ight nf 
the seed, it will be seen that no very definite relationshij) occur.'^. Foi’ 
instance, Canadian samples with a grain-weight of !•(> germinated 
practically as well as Chilian at 2-2, wliilst Briti.sh samples with an 
average grain-weight of 2*08 did not give as liigh a germination as those, 
with a grain-weight of 2*02. British samples witli low grain-weights and 
high percentages of brown seed, however, give low germinations. The 
grain-weight of a group of British samples gerniiiiating 81 per cent, 
was, however, higher than that of a batch of Frencli samples gertninuting 
88 per cent. 

The above facts show that it is only legitimate to make direct com- 
parisons between grain-weight and germination when se(‘d from one 
and the same sample is used and when shrivelled and poorly develnyx'd 
seed is removed. Separations were made on a number of samples and 
the “heavy” and “light” seed subsequently germinated. Samples of 
known origin were used, and care was takfen not to woik with blended 
samples, in which case the result of sifting u light only have he(>n lo 
segregate the component con.siituents of the blend. The re.sults of these 
tests arc set out in Table III. 

The figures indicate that well-developed “ heavy ” and well-developed 
‘iiglit” seed drawn from the same .sample do tiot difler materially in 
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ficrmination^ It is interesting to observe, however, that in every case 
the “light” seed gave rise to a higher percentage of “hard” vSeed than 
the “heavy,” tlius showing that the small and light seed in a sample is 
more likely to be hard than the larger and heavier seed, and it may be 
also said that unless “light” seed is shrivelled or undeveloped it will 
germinate as well as the heavy seed^. 


Table 111. 

To show ihe relative germinalion capacities of ''heavy” and "light” seed 
separated from the same samples after removing all the ill-developed 



and shrivelled seed. 


Origin of 

Weight per 

Germination 

Hard Seed 

sain]>les 

1000 grain 

per cent. 

per cent. 

England 

2 40 

86 

130 


1-75 

84 

16-0 

Eraru:(; 

20.5 

yu 

04 


lo4 

Ob 

1-U 

t-lule 

2-40 

94 

50 


1'79 

91 

8-0 

Canada 

2' 10 

9:i 

4'8 


1-64 

93 

70 

Canada 

2- 10 

91 

8-0 


1-57 

90 

100 


Avoraj^o results : 

Crain over i grs. per KXX), germiiiatiou 92 per cent., hard seed G-t per eeiit. 
Grain less than 2 grs. per 1000, germination 91 per cent., hard seed 9-0 per cent. 


^ Tests of a similar nature had been previously conducted on Oat samples and the 
results obtained were precisely the same, in some cases the smaller lighter seeds germinated 
considerably faster than the larger heavy seeds. In the ease of Oats, however, the light 
poorly developed ‘'pinched'" seed frequently gave a high percentage of germination. 

- In connection with what has been said above as to the relationship between grain- 
weight and geriuiiiation it is of iiilcrcst t<i refer to Findlay's (4) work on the sine t»f seed 
in relation, to crop production. He states in summing up his evidence, ‘‘That there is no 
connection betw^eeii the size of secids and the procluee. Tnie, the largest seeds — ^t-ho Lat(' 
Flowering — undoubtedly produce the lieaviest crop the tirst year, but the Broad Leavetl 
Kngli.sh — the smallest seeds — produced the next heaviest. In the second and third years 
and also on the aggregate the >iorwegian— the second smallest sce<l — produced the heaviest 
crop, whil{‘ the Hungarian and medium sized seed gave by far tlie poorest crop every 
year.” With reference to seeds of different size taken from the same sample, Findlay inake.s 
the following observations, “Undoubtedly in many, if not most of our farm seeds, then' 
is a mixture of strains," and in the case of some of his trials it appeared as if the smaller 
seed represented better and more lasting strains than the large seed. 
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(6) The Voun(rtf of Orujin of the 

The figures in Table II show sonio interesting diill’erenees between 
the samples representing difierent countries. It will be noted that the 
('hilian samples have the highest grain-weight «ind that Kjiglisli samples 
<-oine next in weight, but that the heaviest individual English Sinii})le 
was onlv slightly heavier than the average of all the (’hilian sam])les. 

Samples from Canada and Italy have very similar grain- weights, 
whilst those from France are the lightest. 

The relative amount of yellow and brown soed'ijv the samph's iii 
conjunction with the grain- weight of the sample as a whole, however, 
affords the best guide as to couiitiy of origin. The (liiJoui seeds are 
remarkable for having a high percentage of yellow seed and an insigni-^ 
ticant amount of brown, and conscfjuently, all hough of very similar 
u rain- weight to some of the be.st English ,samp]{'s. are generally easily 
distinguished. The grain-weight of such brown seed as is foiind in 
Chilian samples is, moreover, much closer to that of (he yellow and 
violct-cum-mottled seeds than in the case of other nationalities. Seed 
from Cimada cannot be readily distinguished from tiiaf from U({hj, for 
the grain-weights and proportions of yellow and brown seeds are very 
similar altlioiigli, on the average of two yeai.s. the Italian sam])les 
would appear to contain the higlier |)roj)ortion of ycdlow seeds. The 
seeds of these nationalities, however, differ from Chilian and British 
in respect of a lower grain-weight, from Chilian on account of a sliglitly 
lower proportion of vellow seeds, and from Hriti.sh on account of a (con- 
siderably lower proportion of brown seeds. The Fr(Mii*h seed, like the 
British, would seem to vary more from year to >’(^ar than tfiat from 
Chile, Italy and Canada; the low grain-wciglit appears to be the most 
constant characteristic. The high proportion of brown seed is the out- 
standing feature of British samples, and this would sc'cm t(j differentiate 
il- from the other nationalities considered. 

iSince the weight of the seed of different nationalities varied and sirree 
it was obvious that the difference in weight was corrrdated with a 
difference in size, it seemed advisable to conduct experiments with a 
view to examining the applicability of a ’’.size test. A Tjumhci of 
samples were therefore divided into two grades by passing the seed over 

' It- was nut found po.sHiblc‘ tlio Wnv to jjtDc urc a sutliciciil niimlx't' of saiiipl<’S 

for t!io purposf.s of this invoslijration from couiitrif .s ntlu-r tliaii tiiosc rreordod in tlio 
I’alde. 

7—2 
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a 1«5 null, sieve!. Xests were subsequently conducted on the two sizes 
of seeds separately. The results of the sieving tests are given in Table 1\ . 

Table IV. 

To fihijiv the proportion of seeds retained in and passed hy a 1-5 mm. steev 
in the cose of samples of dijfcrent nationalities. 

iiy of woed. 

I-,-) mm. su-vc Chilian i^nlisli(l) British (2) Canadian French Italian 
Seeds rciaiiiod 73-t fid ti 55 20-t> 18 20 

iSeeds passed 2(j-6 33-4 to 79’4 8- 80 

It will be seen from the above figures that the simple process of 
.sieving (a quicker method than ascertaining grain weiglits) serves 
readily to difieientiate between British and Chilian samples on the 
^tie hand and Canadian, French and Italian on the other. 

A sample containing a fair proportion of brown seed was selected 
from [u] (he Canadian samph^s, {h) the French and (c) the British. Each 
samjde was gradtai by passing over a 1 '5 mm, sieve and the brown and 
slirivelled seed was then separated from the welhfornied and bright 
seed. The results are shown in Table V. 


Table V. 

To show (he proportion of hriyhl and well formed and of dull (brown) a,nd 
ill-farmed seeds retained and passed by a 1-5 mm. sieve m the ease oj 
samples of different 7}a{(onaUties. 


1-.5 mm. sieve 
.Seeds retained 

Seeds pa.ssi'd 


Percentages weight of seed. 


Character of seed 

Canadian 

Freneh 

British 

Well -formed 

231 

320 

'i3-(} 

Brown and shrivelled 

2-3 

lu 

ll-O 

Well-fornicd 

m-3 

62-3 

27-0 

HroAvn and shrivelled 

()3 

42 

90 


It will be seen in the case of both the ("anadian and French samples 
that the greatej' amount of ilhdeveloped seed tvas amongst the smaller 
seed, wliilst the ill-deveio|ied seed was more or less equally distributed 
bet ween the large and small seed in the British sample. 

It has beeii preA’ioiisly showii that large and small seed taken from 
a uniform nori-blendcd sample do not differ materially in geTminatioii. 
it seemed probable, however, that sieving a blended sample would be 
likely to more or less sejiarate the seeds into tlieir component bulks, 


’ It was not possible to obtain im absolutely aceiifute sieve, with a uniform perfora- 
tion. The same sieve was of course used for all the tests. 
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I’ahlo Vr. 

Tu (he pmporhoH of .seeks refaitok ami pas.<e<l hp a J-O 
ami /he (jenni nation off he larpe ami .small .seed ia Ihe rase af.sample.s 
■ mhich voH.sided of a blend of .seeds of (,n> nahnmddie.s. 

A -Ui'<«o 6ccd> Br:- small sinhI, 

(Thi-s Table should be coiisulcit-d in w iUi TabK- 1\'.) 

l^roportions Pcrceiitai^o 
of seed terminal ion 


etvnec .Vationaiitios 

A 

B 

a” 

S3 

Englisli and FreiioU 

07 

33 

42 

!4l 


05 

35 

38 

Vli\ 


17 

83 

55 

4t‘7 


19 

81 

22 

Otifl 


34 

00 

33 

hhS 


34 

Of. 

84 

t)l4 


3(1 

04 

78 

7o7 


H) 

90 

59 

781 


47 

53 

10 

915 

- 

38 

02 

47 

!)45 

„ 

50 

44 

77 

IniiT 


f 4 

80 

02 

1185 


44 

50 

27 

Il'U 


47 

53 

13 

94 

English and Chilian 

50 

44 

58 

111 


40 

54 

77 

0(|8 


28 

72 

72 

m 

French and (iihilian 

28 

72 

50 


English and 
Canadian 

38 

02 

59 

9:>d 

English, French, 

23 

77 

79 


' — Reiiiai’kR as to interpretatjoii 
of the results 

37 Miglifc have lieeii M’holly Englis-h, t!)e Freju-h 
seed pmbabK- did not «roniiinate us iveJl ;is 
the English 

33 ditto ditto 

7U Thu great inajoritv of the seed was ju'obaldv 
French ■ 

ditto ditto • 

(>2 A consideiablo admixture of Fnuicli seed 
with a liiglier germination tlian tile English 
tio A considerabie admixture of Freneji seed 
with a geriiiiiiatioti about the same as the 
Engl is] I 

hS A eonsi del able admixture of Freiieli seiul 
with a gc'rmiiiation liighe,r than the English 
Tb The great majority of tlie, seed was jjrobaMv 
French with a germination higher than 
tlio English 

B) A sliglit admixture of French seed with a 
germination hut slishtly lijglier tluin the 
English 

hO A moderate adinixture of Fnumh seed with 
a germination decidedly higher than the 
English 

79 Nothing to show that tiie sample was not 
wholly English 

7S The great majority of the seed was ]irol)ah!v' 
Frencli 

o') A slight adinixture of Freneh seed with a 
germination deeidedly liiglier than the 
English 

21 ditto ditto 

()o Tlie diderimces in gernhuatKui siig,gcst a 
blend, liut would not have implied Chilian 
luul Kriglisli 

71 The proportions suggest a lilend, but would 
iiave iin|)lied an admixture with Canadian 
or French seed ratlier than Chilian 
40 ’Ihc figures would raUier have suggested aii 
admixture of a little Chilian with a large 
amoinit of poor Fnuieh or (,'anadian 
00 Tlie figures suggest a hlentl ami aUhougli 
not ineompiUihle with a poor Cliilian and 
French seed would liave suggested English 
and FnuK'ii 

f)9 A moderate admixture of Canadian seed with 
a better germination than the English 
93 A considerable admixture of Canadian and 
fl, dfeidedlv hiedier t'er- 
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and that this would especially be so in the ease of blends oonsistinji of 
lar<fc seeds such as [-{ritish or ('hilian with, small seeds such as Canadian 
and French, d'hus, if a .sample was separated into two sizes and the 
germination yiven by the two grade, s was decidedly different, it would 
appear reas<mable to suppose that such a sample wa.s a blend: if the 
germinations were jn'aclically the same, thi.s M'ould not of course, pre- 
clude the po.ssibility of the sample having been blended. Fnrtlier, if 
the smaller seeds germinated much better than the larger, this would 
sngge.st that French, Italian or Canadian stocks (which usually give 
higher gei'iiii)iati(jns than Jlritisli) had been blended with .British seed. 
The comparative germination.s of seeds retained and passed by a T5 mm. 
sieve would not, however, he likely to lead to the recognition of country 
of origin in a mixture of seeds of nearly ecpial size such as Canadian 
and Fi’('nch or of Chilian and British. A consideration of the proportions 
(jf .seed both passed and retained by a 1-0 mm. sieve (having regard to 
the proportions that may be expected for samples repre.scnting different 
nationalities) in conjunction with the germination capacities of the 
siftifig.s miglit rca.sonably be expected, however, to help to decide whether 
a sample was a blend of different nationalitie.s. In order to ascertain 
whether trial, s conducted on these lines would he likely to be informing, 
a number of samples sent to the Seed Testing Station as blend.s of stated 
nationalitios were te.sted. The results arc given in Table 

The facts .set out in Table \\ and the interpretation put upon the 
figures show that with but three or four exceptions the tests applied to 
the samples in que.stion although not being sufficient to give exact, or 
in .some ca.ses ev(m approximate, evidcnice as to what precise nationalities 
were involved, none the less would have led to the assumption that the 
samples were blends. 

In order, further, to examine the usefulness of the combined sieving- 
germination test, it was applied to a number of samples which were 
sent to the Station "as English” but which owing to their appearance 
and tlie contained weed sced.s aroused suspicion. The results of these 
tests a re set out in T abl e VIE 

It. will be noted that with a single exception (Aa 1241) the sieving- 
germination test tended to conllrm the evidence afforded by the presence, 
in mere traces, of diagnostic weed seeds. The ratio of large to small 
.seed was f\irtherniorc. more or less what would have been expected 
fr(un an adniixture of Engli.sli with French or Canadian seed. The 
combined evidence of the weed seeds and sieving-germination tests 
ainouiit to almost positive proof that the samples under review did not 
consist wholly of English seed. 
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Table VIL 

To s/iOiV (he proportion of seeds retained and passed bp 1-5 unn. sieve and 
the (jentiinalion of the large and small seed in the rase of a number 
of samples sent to the Station as '‘English" hut whieh 
contained impurilies diagnostic of foreign ori(iin. 



A - lar<,m 

(This Table should Ik* < 

Cuiitaii\('d W(‘ed seeds 
su^fcstivc of the foieijin 

seed. 

;*onsidei'('d in < 

Proportions 
uf sew] 

I3 • small si'cd. 

•oujuuelioii with Tables i\' and \’l.) 

Percentage 

LO'riinnaf ion 

efcreui'c 

orit(iii of a part at (east 
of the sample 

13 

A ii' 

Uruuarks as to tlu' iiiterpretiifion 
of the results 

.s N 

Si Uiria sp. and Amorant/ius 
sp. (suggests Canadian 
origin) 

47 

r>3 

3S 40 

Suggests fhiit French, Canadian or 
Italian .seed of about ei|ual gennina- 
lion to the F.nglish bulk was adiU-tb 
'riie weed seeds indicate tluil tlu‘ 
admi.\.turc consisted of ('rtnadian sei-d 

u l()7 

WrOcna sp (.suggest.s 
Freiieh origin) 

(> 

94 

72 70 

Suggests that the sample consisted 
atiiio.st (mtirely of one of the stnall- 
seeried nalionalitieH— the juesemv of 
\'crbnia indicating that the semi was 
Fn'iich 

A<i 4*>l 

('uitaurea « losn 

(suggests French origin) 

X\ 

07 

04 72 

The figuR’H suggest that a small-seedcsl 
iititionalitv of eonsiderablv higher 
geriiiinafihii than the Knglidi w>ed 
was added in moderate amount. The 
contained weed seed implies Fnaaeli 
origin 

Aa 731 

Seiaria and Lucerm 
(suggests French or possi- 
bly CKiliaii origin) 

30 

70 

41 53 

'Fhe figures again indieate the ad- 
mix tun' of a small seeded nationality 
of betU r germination than the Eng- 
lish set'fb the adulterant was there- 
foiv ]»rnbably French seed 

Aa 

SSeUtria and Centaurra wrt- 
cutosa (suggests Frencli 
origin) 

40 

00 

37 4.5 

A slight admixture of French with 
the K.nglish .seed i.s suggested by the 
Weed seeds and is borne out by th«i 
figllH'S 

An 1090 

A mltrosia A rterni si folia 
and Chilian dodder* 
(suggest Canadian origin) 

30 

01 

73 82 

I'hc figures support the view that a 
Canadian s(‘e»l of hight'r gemtination 
than tlie English was used to rein- 
foree the bulk 

A;i \-2U 

Lucerne, Jje.jtid>i(m^ cam- 
jmlrp. and Daucus Curota 
(suggests French and 
Canadian origin) 

oO 

oO 

90 90 

Tlio Hgures do not lU'cessarily imply a 
blend and arc not iiieoinjiatible with 
English seed 

M 114.5 

Tlirds Foot, Trefoil, Lu- 
cerne, Brassica spp., 
Chilian and English 
Dodder (suggests f Lilian 
and French origin) 

s 

92 

18 21 

The tigures suggest that the sainph* 
cfuisisted for the most jiart of one of 
tlie smalh-r seeded natioiialitie.s, the 
imjmrities indicating i>ench seed. 
The pre.sr'iice of Chilian dodder and 
Brassim, however, implies a slight 
admixture with Chilian seed also 


* r liiliati dodder has been frer£iiently found in Canadian .samples, oonseipiently it does not follow that 
bilian clorer was necessarily used as an adulterant in this ease. 
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Tl)(! very small amounts of lieavy seed in Aa 757 and Aa 1007 
(Table \'l) and in Aa 1145 (Table VII) suggest that the majority of 
f hese samples consisted of siftings or cleanings. It has, therefore, to be 
b<irtie in mind, in this connection, that a blend of large and small seed of 
the sunic nationality could not be distinguished from a blend of different 
nationalities by the sieving-gerniijiation test alone. 

The data Inoiight forward in this section show, however, that by 
an adroit u.se of the grain-weight, colour ratio, and sieving-germination 
tests, it is po.ssible to form some opinion as to the country of origin of a 
sample and in certain cases as to the component nationalities of a blend. 

It will bo shown hereafter that differential germination tests afford 
further evidence, and in the summary at the end of the paper an 
endeavour will be made to indicate a scheme of testing that will help 
towards tlie lecognition of blended samples as such and the nationality 
of the clovers so blended. 

II. ( } K R M r A T r 0 N T E.S T,S CONDUCTED AT OPTIMUM AND 

Extreme Temperatures. 

It will be convenient to deal with the work carried out in this con- 
?iection under two sub-headings as before, i.e. (n) General, and (b) As it 
bears iipoij the coujitry of origin of the seed. 

{a) General. 

It seemed probable tliat germination tests conducted at different 
tem])eratiuvs might reveal facts concerning the quality of seeds not 
slutwn by tests condiudcd at optimum temperatures, also that the 
rapidity of gm'iuinatioii at different temperatures might prove of signi- 
ficaiK'C. and tliat the resulls so obtained might be influenced by the 
countiy of origin of the seeds. 

Nearlv 200 samples of seeds were used in conducting the necessary 
t<'srs iuid over 1200 geianiiiation test.s (5-6 sets of 100 seeds each) were 
made. The seeds were germinated in closed Hearson Incubators at 20"^ C., 
25 V., :)() ('.. 55 O', and 10 ('. At AberystAvyth the sets were put up 
in peti-i di.slies, with a seed bed of two moist filter papers and covered 
with a single ni<ust pa])eT0 The moisture was kept as uniform as possible 
ie.fi. about GO per cent, saturation) throughout the test by spraying as 
neei'ssarv. At the Seed Testing Station, the sets were put up on glass 

' t in. (UsIk's wi'i't' ami an initial uniformity of moisture was assured by 
u.dnij; 5 r.r. uf water jK-t cucii petri in llie first instance 
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Table Viil. 

To doic orerage gernunadons of t<(nHpIefi of dijfcrcnt grades' and ages ol 
different (eanperafures; the top figures are the actual germinations and 
the bottom figures the percentage loss of germinal ton behic that at 20'' T, 


Samples tested from current (191G) harvest . 


'hii factor of samples 

20" C. 25" C. 30" G. 

3'r' ( '. 

40" V. 

(Jradft 1 

H7 87 

84 

77 

00 

07 samples 

0 

3-4 

11-4 

31-0 

( J ratio 2 

73 OH 

02 

58 

22 

30 samples 

0-8 

15-0 

20-5 

70-0 

Grade 3 

40 43 

3L 

30 

9 

15 samples 

0-0 

32- G 

34 8 

80 4 

Grade 4 

31 20 

21 

10 

2 

3 samples 

iO -0 32-2 

Samples of different ages. 

(rt) Yearling = 1 3 'car old. 

48-3 

93-5 

13 samples 

75 75 

75 

57 

35 

Original gfiiniiiatioii 

(Loss 18'4 as 0 

a result of keep- 
ing one year) 

(i) Two years old. 

0 

24-0 

533 

2 samples 

70 74 

70 

07 

20 

Original germination 
97 '.’r, 

(Loss 21-0 as a 2-0 

result of keeping 
two years) 

(t ) Three ye , its old. 

0 

11-8 

05-8 

(i samples 

48 40 

21 

10 

3 

Oriidrial genuination 
94 

(Loss 48-0 % as a 8-5 . 

lesult of keeping * 

three years) 

{</) Four years old. 

50-2 

00' 0 

93-7 

15 samples 

20 16 

10 

7 

3 

Original germination 
00 

{j.nss72-9«oasa 38-4 

result of keeping 
four years) 

()l-5 

73-0 

88-4 

10 samples 

8 4 

4 

2 

0 

Original germination 
06% 

(Loss 88-0% as a 5U-0 

result of keeping 
four years) 

(c) Five year.s old. 

50 -0 

75-0 

100 

1 sample 

8 1 

5 

0 

0 

Original germination 

97 

( ] 1 OS 8 91-7 as a 87-5 

result of keeping 
five years) 

37-5 

100 

100 
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plates standing: on petri dishes containing water, the filter papers on the 
<ilass plates being kept moist by wicks. This latter proved much the 
best plan for the purpose required since uniformity of moisture in all 
cases was assured. 

The preliminary germination tests were conducted wholly at Aberyst- 
wyth with seeds of obviously different qualities. Samples of different 
ages, which had accumulated in the writers laboratory at Ahery.stwyth, 
and tlitjse representing different grades of the 1910 harvest were first 
tested at different temperatures, no regard being paid to the country of 
origin of tlx; seeds. Tlie average results of these preliminary tests are 
set <tiit in Tables VI II and IX. 

Table TX. 

To show the percentage number of samples of graders 1, 2 and 3 {see 
Table 17//) ndnch germinated best at the several temperatures. 




Gf 

rnii nation at 


( 'liara<‘(or of Kampic.s 

20" ( '. 

27° 0. 30° C. 

3o“C. 

40° t:. 

Cruie 1 

.Avcraifo «<-i'iiii nation 
at ---.ST 

,73 


\ *’,) germinated 
as ■ivell as at 
luw(T tempera- 
tures 

None germinated 
as well as at 
louver tempera- 
tures 

(Oracle 2 

Avorui'o j;orniiriation 
at 20" C. 73 % 

tifi 

-3% 

iN'one 

ditto 

(Jrade 3 

.A V (• ra <;(' "c r tn i n at i on 
at 2(PC. ft)% 


20% 0-7% 

None 

ditto 


The figures show that the better quality samples resist the higher 
temperatures much better than the inferior grades. In the case of all 
gradc.s, however, the average figures show a considerable falling off at 
30*^ C, and a greater falling off still at 40® C. Inferior samples frequently, 
however, arc unable to resist 35"^ C. and (or) even 30® C. as well as good 
samples can 40® C. AVhen individual samples arc considered and not 
average figures [vide Table IX) it will be seen that the optimunri 
tcfn|)erature for germination of Red Clovers cannot be expressed as a 
single temperature but varies for individual samples from a temperature 
probably about 20® to as liigh as 30° C., but that the majority of samples 
may be expected to germinate best at a little above 20° C. Thus the 
usual temperature employed for testing clovers, i.e. 22° C., is probably 
the be.st single and uniform temperature to use as favouring the majority 
of the samples tested, but will by no means give the best results for 
an appreciable proportion of the samples. 
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111 the cuso of really <iood samples the ditTeveiice between the germimi- 
lions obtained at ’20"' 2")" 0. or even :h) C. seldom nniounts to more 

than 5 per cent. In the case of poor samples, however, tlio diO'erence 
between the results (ditfdncd at 20 0. and 25 C. may in a few instances 
anionnt to 10 or 12 per cent, and although the higher hgure in the case 
<.f these big liiscTepancies is generally obtained at 20‘ in about 12 per 
cent, of such cases it ocenrred nt 25 ' ('. 

If grades d and 4 (from a current harvest, sec Table VI 11) are com- 
jiared respectively with samples three and four years old liaving very 
similar germinations, it will be noted that the old seeds show a greater 
falling oil in germination at 25'^ C., and a vei v much greater failing oil 
at 50“ C. and 55''' C. than do the seeds from a current harvest whose 
poor germination must have been due solely to adverse conditions at 
harvestiugh A eomparison ol' the results obtained for yearling and fwo 
vear old samples with grade 2 samples from ;i current harvest of about 
similar germination, if anything, show in favour of the older samples. 
It would thus seem that if origijiallv good samples arc well .stored verv 
projiounced deterioration need not take place until the third year and 
that the Ijehavioiir of samples at 5(r ('. and in comparison with 

their germinations at 20' ('. affords some indication as to wliethei- 
inferior gernnnation_ is d\ie to a sample being tlnee or more years old 
or to the fact that the seed matured aiid (or) was harvested under’ 
adverse conditions. 

It is evident from the above consideration of the faets that the 
hehaviour of a sample at temperatures above the optimum lias a delinite 
bearing on the quality of the seed. It may be of interest, therefore, to 
compare the energ\- of germination of a few samples with their germina- 
tions at different temperatures. Ten samples w(U'e grou])(*d in ])airs, 
each pair having practically similar germiualioiis, in some eases the 
energy was also similar, in others it was decidctlly different. The res\ilts 
of the tests are given in. Table X. 

It will be seen that in groups (5), (4) and (5) where the energy of 
germinal, ion was higlier in one sample than the otJier, the <legrec of 
resistance to higher leniperaiures was greater ill the case of the sample 
with the best energy of germination. In group, s (1) and (2) where the. 
energy was practically the same in the case of hotli samples in eaidi 
group, the resistance to high toniperatiires was niiudi greater in 10 
than Gil and in F 10 than F 10. It would therefore appear that 

' ’I'he loss of j^erraination at C. U so groat in tlie ca.sc of both old uud poorly 
harvested .seed that a eomparison cf results at this tempers turo is witliout signilieanee. 
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germination tests conducted at extreme teinperatures would alTord a. 
more certain index of vigour than the energy of germination at optiimiin 
temperatures^ It will be shown in the next section, however, that the 
results of tu^iergy and differential temperature tests are open to mis- 
interpretation and should only be used as a guide to excellence wheii 
comparing samples of the same strain and from the same country of 
origin^. 

Table X. 


To mntrasi the energj/ of germinal ion of mmples with their behavionr at 
different temperaiures. 



Energy of germination 


Germination al 



Samples 

( ---3 days at 20^ C.) 

20" C. 

25" e. 

30" C. 3 

5" C. 

40" t 

(1) UK) 

71 

82 

75 

75 

75 

.55 

(i H 

71 

82 

80 

71 

60 

11 

(2) F U) 

5i 

79 

82 

71 

68 

53 

F m 

57 

78 

78 

63 

50 

22 

(3) U 43 

41 

55 

53 

46 

40 

20 

(; 18 

22 

50 

48 

24 

29 

20 

(4) K 2 

45 

54 

61 

54 

48 

28 

B 1 

3b 

55 

53 

50 

52 

10 

(o) B 2 

40 

50 

50 

50 

48 

10 

D3 

24 

50 

40 

26 

23 

2 


It will be convenient to consider the question of hard seed and the 
behaviour of seeds of different colours at different temperatures in 
conjunction with the nationality tests described in the next section. 


(b) The Country of Origin of the Seed. 

Without reference to the colour of the seed oil to hard seed. 

Samples representing the various nationalities were tested at different 
temperatures; the average results are set out in Table XL 

It will be noted that the gerniinations reached in 20 hours were in 
all cases les.s when tested by the method adopted at the Seed Testing 
Station (i.c. on filter papers kept moist by wicks) than when tested 
under drier conditions on moist filter papers not served by wicks®. 

^ Tliatresistaiigc to high teraptratures affords an index of vigour is, of course, implied 
by the results given in Table VIII. 

' It was intended to grow a number of the samples tested in nursery lines in order to 
<;ompare growth with the germination tests here described. Owing to the WTiter leaving 
-Aberystwyth early in 1917 it was unfortunately impossible to do so. 

® Testa at the Seed Testing Station have proved that the “wick” method tends to 
maintain too wet a seed-bed for red clovers especially in the case of samples of poor quality; 
these seeds arc now te.sted on tilter papers resting upon moist sand. 
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Table XI. 

To show (he (jemination of samples represent imj d liferent national if ie.>< at 
different temperatures. The upper jigares are. (he Abergstwi/th (lOIG 
harvest) results and the lower the Seed Testing Station (lOlT harvest) 
resuUs. The figures in hraclets represent the percentage decrease in 
germination below that (iiven in 10 dags at 20^ C. 

The figures directly boiow oaoh nationality indicate (ho ntnnher uf sa!n])li's u|)nn uliidi 
(he Aberystwyth averages were based. T'he S(‘(.h 1 Testing Station rcsiills wore olitaitu'd 
on bulks made up of a largo number (if sanijde.s. 

Percentage germination at 



20" 

X'. 

25' 


30' 

’C. 

30^ C. 

40' 


Country of 

in 20 

in 240 

in 20 

in 240 

in 20 

in 240 

ill 20 in 240 

in 20 

in 240 

origin 

hrg. 

hrs. 

h ra, 

hry. 

lirs. 

fU’ri. 

Ill's. lirs. 

hrs. 

hr«. 

Chile 

(TO) 

70 

90 

80 

!)0 

81 

91 

08 87 

{3':i) 

30 

71 

(21-1) 


3 

9.') 

12 

95 

(il 

95 

1 2 89 

((>•3) 

20 

73 

(230) 

Italy* 

(9) 

00 

85 

09 

80 

70 

.82 

(3-5) 

(15-5) 

33 

04 

(30-4) 

Cainida 

(12) 

30 

89 

42 

80 

(3-3) 

42 

83 

(7-0) 

40 77 

(13 3} 

20 

04 

(28-0) 


8 

89 

4 

91 


88 

(M) 

1 03 

(29-41) 

12 

73 

(180) 

France 

(6) 

04 

88 

78 

88 

7(5 

88 

03 80 

(2-2) 

13 

00 

(31-7) 



93 

4(i 

90 

59 

94 

7 90 

n 

(2^) 

Britaint 

(4fi) 

27 

80 

52 

84 

(2-3) 

43 

(10-() 

30 71 

{\ri) 

9 

50 

(41-8) 


3 

80 

20 

80 

23 

SI 

3 03 

(21-2) 

0 

41 

(Gl'2) 


* Au instiffioieiit number of Italian sanijih's were received al tlie Seed T’osting iStatimi 
in the season 1917-18 to condiiot these tests. 

t (Inly the results obtained on good firitisli samplc'.s are incliido<( in this T'ablo, in 
order to compare germinations as near as possiide to those of the foreign elover.s, 

'I’he final germinations obtained by the two incthods arc, however, seen 
to be .sufficiently comparable. Id some respects the seeds of all nation- 
alities behave in a similar manner, for instance tlie rate of germination 
with but one minor exception was greater at 2;V C, than at 2(l‘’'(-., 
and no very appreciable difference was to be seeit between tlie rates at 
25" C. and 30'’ C. At 35® C., however, germination began to be much 
slower even in the case of samples whicli reached nearly as higli final 
figures as at 20® C. or 25® C. It will be noted also, that the final germina- 
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tions at SD'" C. wcro lower than those at 30^ C. and that with but one 
exception (Canada) the final results at 40* C. were very censiderablv 
lower than those at 35* C. (rf. Table VfTT), The irregular behaviour 
given by the Canadiaji sample tested at the Seed Testing Station must, 
alriio.st eerlainly. have been due to an eiTor or an accident; the tempera- 
ture of the 4(y C. incubator may have dropped or that of the 35* C. 
incubator advanced during some period of the. test. The results given 
in the Table show very marked contrasts between the British and foreign 
samples. Speaking generally, tlie foreign samples germinated faster 
than the British at all temperatures, but 25* C, gave the least well 
marked contrast in this respect. The final germinations at 35* C. showed 
a greater proportional falling off in the ease of the British than all other 
samples (exee])t the Canada result whicli is suspect) whilst at 40* C. 
the proportioual drop was even great cj'. being on the aveiage over 
twice as eonsidei'al)le for the Britisli as the Chilian samples. 

The figures .show that the behaviour of the difierent foreign samples 
under review is not sufficiently vai-iod to distinguish one nationality 
from another by the results given at different temperatures. It would 
seem, however, that the Chilian samples tend to be the fastest germi- 
nators at all temperatures and tend also on the average of seasons to 
do proportionately better at 40* C. than the French, Canadian or Italian 
samples. It is unfortunate that the relatively .suiall seeded Canadian, 
Italian and French samples cannot be differentiated bv resort to the 
tests described ; it would, flow ever, appear as if t lie French and Canadian 
seed withstand high incubation temperatures rather better than the 
Italian. 

Although the results can clearly not be used to identify the actual 
mitionalit\- of any particular sample, they arc of decided interest and 
undoubtedly afford a useful addition to methods previously discussed 
to aid in differentiating between home grown and foreign clovers. In 
particular the eontmst between the behaviour of Chilian and British 
samples is so great a.s to have very ('onsiderable practical application. 

It may tlierefore bo int(‘restiiig to give some further comparative 
details relative to the tests conducted on these samples, A comparison 
of the number of British and Cliilian samples germinating best at the 
dillereut temperaturo.s is made in Table XII and the average rates nf 
germination of .six typical Cliilian samydes and eight tyjueal British 
samyiles are shown in detail in Table Xlll. 

The tallies ai’C self -ex plana torv and do not. demaml comment. It is, 
however, of special interest to note that Chilian clovers may begin to 
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(.erniinate at 30‘’ C. (if tlie seed bed is not too wet) after no more than 
eiiT^ht hour^, and will practically complete their germination in three 
davs, and have an exceedin^^dy high energy of germination {i.e. ger-. 
niination in three days) at 20^(1. A high rapidity of germinatisn {i.e. 

■ •(‘rmination in 20 hours) with a high energy of germination wo\ild always 
be sutficient to render a “ British’’ sample suspect, thus it is unfortunate 
that emphasis is often laid on the value of the ''energy" test without 
any reservations being made in the direction of explaining that the 
energy of germination of British samples is usually low compared ti* 
foreign. 

Table XII. 

To f^Itow the pen‘enfo{/e number of (!hilia)i and British samples {Aberi/sfieipfi 
resuUs) which germinated best at the different tern pern! ares. 


Xatioiiality 

At. -20= C. At 2.V' ( '. 

At :5(e c, 

At :{r. C. 

At 40 < 

Chile 

30 27 


None liest but 
27 as \v(dl as 
at lower tinn- 
perat tires 

X oiu; 

Britain 

87 best or lo 

equally as 
good 

14 (lid 
equally 
M'Oll 

Noiu‘ be.'^t tint 
r> as well as 
at lowin’ tem- 
]>eralures 

Xoiie 


Table Xni. 


To compare the rapiditip energg and final germ mat tons oj tgpival ChiUau 
and British (Covers at certain temjierulures. 




At 

20" (\ 



At .3(0 ( 



At 40 ’C. 



12 

20 

3 

10 

S 12 

20 3 

to 

12 

20 

10 

Nationality 

brs. 

iirs. 

(lays 

days 

lirs. hrs. 

Ills, days 

<iays 

lirs. 

hrs. 

<iay 

( hile 

32 

70 

88 

92 

5 00 

.SI 91 

93 

1 1 

40 

72 

lliitain 

8 

-)3 

7o 

8ti 

U 32 

.73 73 

77 

0 

tt 

.70 


The results given in Tables XI and XII suggest tlia(. it would not be 
necessary to put up germination tests at 20 2o “hi ’M) C. and 
•Kt" C. on any sample that wa.s suspect. The best ])lan 1 o follow in the case 
of samples giving a high rapidity of germination at 20 ('. would be to 
put up an additional test at 35" (.t taking earn not to have a sodden 
seed bed and let this additional test run for 20 hours. II something like 
5U- 00 per cent, of the seeds germinal ing in lo days at 20 ('. gr)’miiiate<l 
ill 20 hours at 35" C. this would render tlie sample in ijiiestion more than 
ever suspect a.! id exhaustive t(‘sts on the lines siigge.sjed in tht* summary 
sliould then be undertaken. 
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Ft was pointed out in an earlier section that by separating a sample 
int(j seeds of two sizes and germinating the seeds separately, it was 
possible to obtain an indication as to whether a sample was a blend. 
It would now appear that if the seeds in one separation although of equal 
germinating capacity to those in the other were more resistant to incuba- 
tion at higher temperatures, this would afford additional evidence. 

A number of tests were therefore conducted on large and small 
seeds extracted from single unblended samples, and these were ger- 
minated separately at 20'^ C. and 40“ C.; it was found in many instances 
that large and small seeds as such did not behave differently at the two 
temperatures but that on the average the small seed appeared to bo 
slightly more resistant to incubation at W C. than the large, differences 
in excess of 5 per cent, were, however, the exception. 

Thus when differences of the order of 8 to 10 per cent, in the power 
of resistance to incubation at 40^ C. are met with, the implication is that 
foreign seed ha.s been used in the blend. If reference is made to Table VI 
giving the results of the combined sieving-germination test it will be 
noted that Aa 83, Aa 1 11 and Aa 915 were designated blends of Englisli 
and French, but that the sieving-gerinination test would not alone have 
been sufficient to recognise this fact, a comparison of the germinating 
capacities at 20“ C. and 40“ 0.. however, affords the necessary cine, for 
the smaller (presumably chiefly French) seed proved to be 8 per cent, 
more resi.stant at 40° C. than the larger in the case of Aa 83; II per cent, 
in the case of Aa 141 and 20 per cent, in the case of Aa 915; and this 
notwithstanding the fact that the germination of both large and small 
seed were practically tlie same at 20“ C. It is only necessary to add that 
in 18 cases out of 28 tested by both the sieving-germination method 
and at 20*^ F. and 10 ' C. a comparison of the results at the higher and 
lower temperature tended to further confirm the fact that the samples 
were, as stated, blends of English with either French or Canadian seed. 
It is not so easy to identify blends of English and Chilian clover by the 
.sieving method and .subsequent germinatiun of the separations at 20“ C. 
and 40' C. because the seeds on both sides of the sieve are frequently 
too similar to the original blend. It i.s also difficult to detect the com- 
ponent nationalities of a blend in the case of many yearling or older 
samples wlien the germination of all the seed is low and the power of 
resistance of all the seed to incubation at 35° C. and C. is also poor. 
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WITH REFERENCE TO THE COLOUR OF THE SEED. 

The average results obtained in respect of the seotls of different 
t:olours at different tertiporaturos for the various natic^nalities are given 
in Table XIV. 


Table XIV. 


To shotv the gertiunalion of (he .wds of dilfereht colours ul dilfrrcot 
te m perafu res for various /tad out did es , 




Vellow 


Violet -c 11 ni-m 

otfled 

Brown 

Xatioiiality 


at 


at 


at 


20° C. 

nn° ('. 

4()°('. 

20° C:. 20'' ( 

nec 20 

30'' 40" C 

Chilian 


92 

70 

83 sr> 

04 70 

00 3 

BritLsh 

81 

80 

48 

83 TO 

38 (fi)39 

39 7 






{h) 12 

14 1 

FrciK'li 

S2 

81 

i:\ 

88 91 

41 72 

00 5 

('anadian 

77 

74 

70 

84 91 

05 


Italian 

So 

72 

o4 

92 87 

1)5 


Average figures 

8+ 

82 

GS 

85 84 

55 



(o) -More or loss well formed brow n ^^(■e<ts. 

{h) Sliri veiled uiid ill developed brown seeds. 


It will be seen that with the exception of the Italian (where the vit)let 
were slightly more resistant than the yellow) tlie yellow seeds are a little 
more resistant to incubation at 4(V C. than are the violet-cuin-inottled. 
Individual samples of all nationalities, however, give vif»]et seeds more 
resistant than vellow, so that it is probable that the nationality of the 
seed does not intluenee the oomparativo resistam^e as between yellow 
and violet seeds, bnt that on the average, yellow seed is sliglitly moi'e 
resistant than violet. This is what might be expected in view of the fart 
ihat speaking generally it is those nationalities wliich contain the most 
yellow seed that give the highest germinations at 10^ C. The figures 
in the table show that l:)rown seed rjf all nationalities is far less resistant 
to incubation at 40° C. than yellow oj' violet, and that illdbrined anti 
slnivelled brown seed is hardly capable of germination at 40° 0. The 
poor germination of British samples at 10° C. is thtnefoi’e largely tlue to 
the considerable amounts of brown seed they usually contain. That 
the poor resistance of the brf)\\ ii seed is not alone .sufficient to account 
for the difference between British and foreign samples is, however, 
evident from consideration of the figures in tlie table, for yellow and 
violet British seeds arc seen to be lc.s,s resistant than yellow and violet 
(’hilian, French or Canadian seeds, 

Journ. of Agrir. Sri. x 
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WITH KKFERENOE TO HARD SEED. 

The amount of liard seed iu .sainplos did not on the average vaiv 
very much when the seed was incubated at different constant tempera 
lures, but in most samples tended to be rather less at 40“ C. and in some 
cases less at than at lower temperatures. The results obtained on 

selected samples containing high percentages of hard seed are set out 
in Table XV. 

llible, XW 

To ,shoir (he ejfecl of ( ncnbalioti at different constant teniperahires 
on the amount of hard seed. 

Percentage of hard seed. 


Rrfcredcu 

At 2ir' c. 

At 


At 30= C, 

At 35= C. 

At 40= C. 

('aiiactiaii J 2 

22 


2o 

27 

25 

16 

J fi 

14 


7 

10 

8 

___ 

J 9 

21 


10 

24 

15 


J 10 

11 


12 

12 

10 

— 

Italiiin is ti 

14 


27 

12 

15 

— 

Chilian A S 

12 


12 

11 

14 

15 

A 12 

— 


14 

9 

6 

10 

A 20 

11 


2 

7 

6 

1 

English 1) 2 

42 


42 

- 

‘ 33 

20 

It will be 

noted that the : 

greatest decrease 

: occurred in 

the, case of 


the Englisli sample D 2 which contained only half as much hard seed 
when incubated at 40' ( '. as at 20" (t It would appear, therefore, that 
hardness is a matter of degrcM” and that tiuieh of the hard seed in D2 
was not as “hard” as that contained in the Chilian sample A 8, for 
example. Tliat liardness is a matter of degree is further shown by the 
fact that “hard” seed when incubated for long periods will continue to 
germinate slowly. The liard seed was collected from a number of 
Chilian samples after the ordinary test of 10 days at 20“ C. and incubated 
for a further 18 days at different temperatures with the following results: 

At 22“ C. gave 15 per cent. gerJiiination and 86 j^er cent. hard. 


25H'. , 

, Hi „ 


35“ C. , 



10“ C. , 

, 44 „ 

n „ 53 


The above figures go to show that temperatures at and above 35“ C. 
are less favourable to hardness than lower temperatures and tend to con- 
firm Harrington’s CP view that the selection of any particular constant 
temperature from 1“ C. to 30“ C, has little effect upon the softening of 
impermeable clover seeds. 
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Tliorr was no ovuifoico to sliow that liani seed I'roin rlovars of 
ditft'iriit luitioiialities beliav^'d varv ditt'oivnth- at difTeirnt. 

(»!' tliat Jiai'd Vidlow, violot-cuin-niottlod to' liiajwu s^'od l^diuvi'd in anv 
Wiiv didVrontly the one .from the other at ditfrrent te!U])ei'atnres. 
(‘iniwquently the. behaviour of hard seed is of little or no diaj^nosli(‘ 
-iojiifleanec in relation to nationality tests. A miinher of tests wen' 
fuiulueted to ascertain whether a ffuctuatin^ temperature between 
■jo 'C. and 10' C. wotild obviate hardness, and it was found that no 
very apjjreciable rostilts were obtained. This confirmed Hari'iu'iton's (tt) 
experiments, for he found that alteruatiotis of temperature have but 
little effect if none of the temperatures used full below ‘ilif C. ffe found, 
however, when a temperature of Kb C. or cooler is used in alternation 
with a temperature of 20° 0. or warmer that many hard seeds germinate 
and tliat the effect of such an alternation of t-ompei'at\ire is greailv 
increased by previously exposing the seeds to germination conditions 
at a temperature of 10" 0. or coolerh 

SUMMARY A\l) COXCbUSIOA'S. 

(1) Current literature has been cited to support the view that the 
countrv of origin of Ked Clover has a very important bearing on the 
suitability of the seed for crop prodiudiou in any particular locality; 
it is therefore, a matter that should be considered of jnst as much and 

* it is <tf intwat, to give a Uriof account of Hairiniftoir s <“»)nclusi<ins irlalivo to tiic 
n-sc of ‘Miard” ( -impermeable) seeds. TIu' value to the farinct* of hard seed will vary 
accordiiii! to the kind of seed, the gcrmlnatins^ capacity, tlic ]M‘rceutage of hard sceii, file 
age {in samples several years old the “hard” seed may he of more value (han the rest of 
the hulk) and time of sowing of the ,see<l. If the amount of Imrd seed is not eonsiderahli-, 
?ay less than 1(J per cent., and if the rest of the “lot' consists of strong L'cniunahle »<'ed 
the “hard” seeds are of little importance, both hccamse of their fewrii'Ss coinjian^d lo the 
.seeds that will germinate readily an<l liecausc of the varying sowings per acj-e aceording 
to common practice. ‘'Hard” clover seed .sowed early in the .S]>ring is of more value than 
the same seed sovm later; when sown early in the spring .a month or so hefori' the end of 
frcczliiii weather, the ehances are that the majority of tlic haid seed will goriniiiate; when 
sown after the freezing period but a month or so before Um end f»f the cool weather 
ahout two-thirds of the seed may be. expeeted to geriiuimtc, but when sown late in tlu^ 
spring or in the summer probably only about onc-t.enlh of the hard seed will germitmte. 

It may be* added that in this eoiintry {Harrington's investigatimis were conducted in 
America) clovers are usually sown in April, May or dune, that is to say, more or less after 
the freezing period and thus hard seed is of considerahlo signifu anec, especially in tlio ease 
of Kcd Clover sown for an ordinary one year ley. It is prohahly of less signiHeanee in the 
ea.so tjf White Clover sown for 2-d year leys an<l for J.,utc Plowering reti clover sown for 
h'vs of similar duration, lor if the. seed does mit germinate during the spring in titm* to 
eoutribiito to the first year'.s herbage it is likely to germinate after the freezing periotl of 
the following winter and early spring and will contribute to tlic herbage of subsequent 
years. 
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[)er]iaps more importance, thaii germination and purity. There seems 
to be little doubt but that, generally speaking, locally grown seed or at 
l<*ast seed harvested in countih^s no warmer or but little warmer than 
the district where the seed is to be sown, is likely to produce plants 
wliit'h will '‘stand’' the longest and in many instances produce the 
lu'Mviest ha)' crops in the first year after sowing. 

(2) Invcstigatiojis were therefore undertaken with a view to 
establishing a “Nationality lest'’ for l-ted Clovers. It is only legitimate 
to draw prfjvisiorial conclusions from the results brought forward in 
this [)aper. It was only possible to experiment with comparatively 
few nationalities, and to deal exhaustively with two seasons' harvests’. 
The tests described, liowever, ]) roved to be infouning and seem to indicate 
that the seed of certain groups of nationalities can be more or less 
distinguislicd from tliat of other groups. 

(3) Tli(“ work dcsci'ibed had an important bearing on the quality 
of reel clover .seeds in general, and in many of its phases was comple- 
nientarv tt> investigations undertaken by other writers. 

The, following statement which applies equally to clovers of all 
nationalities would appear' to be justified by the investigafions under- 
taken and (or) by the woi'ks referred to in the body of the paper. 

{(i) The violel , ina uve a nd mottled seeds, arc heavier than the yellow, 
and botli are heavier than the bro^vn seeds in a sample. 

(6) There is little or jio difference in tlie germinating capacity 
IxUween the violet-cunvmrrttled seeds and the yellow; but both of these 
germinate better than tiu’ brown. Wrdl -formed and plump brown seeds 
germinate better tlian ill-formed and shrivelled brown seeds, but even 
the former do not gerniiiiate as well a.s violet and yellow. 

(r) Yellow seeds are .sliglitly more resistant to incubation at 40° C. 
than are violet-cum-mottled jnid at optimum temperatures frequently 
germinate rather more ipiickh'. llrown seeds (well-developed) are con- 
siderably less I'csistant to incubation at 40° C. than violet or yellow; 
whilst browji seeds (ill-developed) arc almost incapable of germination 
at 4(k C. 

{({) The amount of "hard" seed found amongst yellow, violet- 
cuni-Jiioltled and brown (weli-formod) seeds although often markedly 
dilferent in individual saniple.s does not on the average vary very 
much, but is |)rnbably least among the violet. Brown (ill-formed) 
seeds do not. however, give lise to an appreciable amount of hard seed. 

(c) Incubation at single constant temperatures above the optimum 

‘ It iM iil.so that siunpbn of the same nationality must vary considerably 

auioiigst themselves according to the particular dlsiriet in which they were grown. 
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up to 35" C. docs not on the average decrease tlie amount of hard seed, 
lull at 10" (.\ the amount of hard seed is usiially somewhat less. Indivi- 
dual samples are, however, met witli which give very appreciablv less 
hard seed at 30" C. and 35' ('. than at ‘iO" C. or 25''(\ This suggests 
that “'hardness'’ is a matter of degree. That this is so is home out hy 
the fact that “hard'’ seed will continue to geTn!iua((' shnvly when 
incubated for a period of months. 

jiiriibation at a fluctuating tempraturo of ‘dll C. to Kh 0. did not 
on (he average much hasten the germination of hard seed. In this 
connection the conclusions of Harrington (H) were cited; namely, that 
"Alternations of tetnpeiaturc cause the softening and germination of 
many impermeable clover seeds when a temperature of 10' or cooler 
is used in alternation with a temperature of 2th or warmer." 

It would appear also that inciibat,iom\ ith a (‘onstaiitly oxuu'-satiirated 
seed bed does not obviate hardness, but evidence in connection with 
routine seed testing suggest.s that b_y slightly lluctiiating tlu' moisture 
content of the seed bed the amount of "hard” seed may in some cases 
be sligditly reduced. The small seed taken from a sample usuall}' gives 
a slightlv higher percentage of “‘hard” seed than docs flic large. 

(/) Small and light seed, if well developed, does not, as such, ditfer 
in germination from large and heavy seed. The sttiall seed extracted 
from a pure sample (representing an unblended bulk) will usually 
germinate as well as the large and is often slightly more le.sistaiit to 
incubation at 40'' (A than tlie. large. 

(if) Samples vary very much in their pow^er of resistance ro incuba- 
tion at temperatures above the optimum (about ‘2(1' ('. -‘22 Samples 
in uood comlilion and of high germinating capacity being altogetlier 
more resistant than tho.se in poor condition anil of low germination. 
Samples three or more years old (altliougli originally excellent) appear 
to he less resistant to incubation at 35" C. and Ifl' C. than do those 
from a current harvest with a poor capacity of germ i nation due to 
adverse weather couditimis. 

{h) The degree of resistance to incubation at liigli temperatures is 
probably a better index of vigour than energy of gci inination -samples 
with practically similar energies of germination may exhibit very 
ditTerent degrees of resistance to incubation at 35 and T)' 0. As a 
general rule, however, those samples which germinati' most rajudly at 
2(1' C. will also attain to the highest germinations at 35' (k and 40" C. 

4. It is possible a.s a result of the woiA' undeitaken to draw up 
a scheme for conducting a critical nationality testi on any particular 
sample of red clover. It has been slunvii that Chilian, Canadian, French 
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atid Italian clovers all tend to have iiiffhor rapidities and enerj^ies of 
norm illation and to ho more resistant to incubation at. liinli teniperatuves 
tlian i^ritisli. A nood cnerov result therefore, although denoting vigour, 
mav also imply at least ad7nixture with a foreigu clover; and therefore 
may afford l■(‘asoM for refusing I'ather than accepting a saiiiplo. It is 
just these attractive looking samples which give high energies of ger- 
juination that sliould be subjected to the nationality test described 
hereunder. 

(o) Kxamine not less that 2 oz. of the sample with a view to making 
a complete list of ail the weed and other seeds present (if any). This 
should be done by passing the whole sample over the “ Dodder Machine.” 
The ju'esence or absence of diagnostic weed seeds, and the combination 
of weed seeds, will aft’ord some evidence., but not necessaTily conclusive 
evidence. Kxcess of the large Chilian dodder, in a large seeded sample, 
with a high proportion of yellow seeds would suggest a Chilian clover, 
a fe.w seeds of the Chilian dodder in a smaller seeded sample would be 
compatible with Canadian seed. Chilian dodder, however, in small 
traces may be met with in seed harvested in this country^. 

{h) Ascertain the grain-weight of the seeds, and the proportion of 
yellow to brown seeds. This xvill aid in the difierentiation between 
Chilian and English samples on the one hand, both being of high or 
relatively high grain-weight, the former having a high percentage of 
yellow and the latter of brown seed. Frencli, Italian and Canadian 
seeds on tiie other hand will liave lower grain-weights. The above tests 
will not necessarily be sufficient to detect a blend of two nationalities 
and should be supplemented as follows: 

(c) Hepaiate the sample into two grades “large,” and “small,” by 
passing over a 1-5 mm. sieve. Ascertain the proportion of brown to 
yellow seeds for each grade separately. Germinate each grade separately 
both at 20' C. and at 10'’ C. If the proportion of “large” to “small” 
seed is voiv different to the average of British samples it is not unlikely 
that the sample consists of a blend, although tlie blend may be the 
result of bulking the cleanings (= small seed) from one English “lot” 
with another un-cleaned or only paTtially cleaned “lot.” If the pro- 
poi-tion of yellow seeds is considerably higher in the case of small seeds 
than the large, it would be legitimate to suspect that the small seed 
consisted largely of (1) Italian, (2) Canadian, or {?!) French seed. The 
separation of English from Chilian seed is not so complete by sieving, 
but a considerably higher proportion of yellow seed amongst the large 

' T!i(' writer has* found a few seeds of Chilian dodder in » sample of Red Clover harvested 
in Mutitjiomervshire, 
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:;oecl would b:^ confirniatorv evidence* of tlu^ prcKciice of Chilian r^eed. 
If the germination of the large and small seed was decidedly dilferent. 
it would be highly probable that the sample was a blended oiu\ althdugh 
not necessarily of different nationalities. If. however, tlie small seed 
proved to be considerably more resistant to incubation at 10'^' C. than 
the large, the implication would be that the sample consisted of a 
ofcater or les.s aiiiount of Canadian, Italian or Frencli seed. Conse- 
i|uentlv, if .such a sample gave a higher proportion of yellow amongst 
the small seed than amongst the large and if weed seeds diagnostic of 
Canada, France or Italy were also found, it would be almost certain 
that one of these nationalities eontribnted to the bulk. 

(d) It would therefore appear that it is often possible to detect a 
blended sample, and in inaiiy cases also to form a verv slirewd opinion 
as to what nationalities contributed to the bulk. It must- be enijjhasised, 
however, that no one test — co]nparable to a chemical test - -can be 
applied to clover seeds which ^YOllld give al>s{)lute evideiH>(' iis to country 
of origin. The tests described, howt'ver, atl'ord strong circiimstantia! 
evidence, and should always be applied to sainples of a .suspicions 
character ottered for .sale as ‘“English.” There is not the least doubt 
that a very appreciable amount of “ English ” clover has been in the past 
adulterated with thatof foreign originhand even if a few genuine English 
samples were to be rejected by purchasers on the results given by a 
critical nationality test — the gain would be enormous if farmers would 
refuse delivery of “English” .seed which in the ()j)nuon of a conipetenl 
analyst was suspect as to place of origin. 

My thaiik.s are due to my former colleagues at. the Seed Testing 
Station tor valuable help in connection with that part of the work coti- 
ducted in London. 1 am, in particular, indebted to Miss M. Adams, K.Sc., 
who was responsible for all the te.sts carried out rt-fcrtuice to grading 
the samples on a size basis, and for numerous te.sts conducted at ditferent 
tempera til res. I owe it to the energy of Miss Adams and of .Miss llopkin 
that it ivas possible to conduct all the necessary tests during the com- 
paratively short time available for investigational work of this character. 

® Chilian (loildef was fnuiul in SUsainplcrt of Utnl Cluvnr )jur|i(»itinf’ to Ik' ot l‘ingf|ish 
oi-igiti rliiriti^ scMisnn 1917 is at tlm Fuml I’roUucliuii DcjinrliiK nt'.s !St'e<i 'I'l stin}! StiOioii. 
'UkI a [fii'iie iniinhcr of .saniples conlaiiml weed wt-ris .sii;;<:(>,s(iv(‘ of foroimi tn jiriti ( Hi). Over 

jicr cent, of the Hrd (‘lover Hani]ik'.s exaniiiu'fi In- tho |ircsi'ii( wriU r in conlaiiir-d 
'vot'd s«eds suggestive of the foreign origin of u pait .li Icfist of the sainglt's t.tnilaining 
flieiii 1,1 I'lii;, ^ .sainido <.,[ lii'd (')(n-er oifensd for sale a.s \Vvh\i was te.sted hy \hv 

author at .\beryslwyth ; it was of a iiiospieions apiioaranee, and eventually s<'('<ls of t'liilian 
dodder were found in the 3 lb, bulk, it was returned to the vendor by the jjurchaser (14). 
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My thanks aio also due to a number of Seed Firms who kindly sent mo 
saiiijiles of dilfenuit nationalities to Aberystwyth, and especially to 
Mr 11. H. Uiinn, of Bf)urnemoiith and Salisbury, who, at eonsiderablo 
pains, procured for me a lariio number of genuine Englisli-grown samples 
from different counties, 1 am equally indebted to Mr Dynioiid, Seed 
Analyst, Department of Agriculture, Ottawa, who kindly sent me- 
sa rnples of Hed (dover fro/ii Canada, and to Messrs Burton and Older- 
shavv who were good enough to procure samples from Somerset and the 
Eastern Counties respectively, and to iMr Klattely, who kindly forw^arded 
me samples from Italy. 
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THE RELATION OF PROTEIN CONTENT TO 
VARIETY TYPES IN AMERICAN WHEAT. 

By HERBERT E. ROBERTS. 

[Univenily of Manitoba.) 

Two factors are of chief importance in wlcat production, namely high 
protein content and large yields. Aside from hybridization, the first 
work of the wheat breeder is to isolate those strains which possess at 
least these two indispensable characteristics. Since the protein forms 
the chief part of the gluten, the wheat breeding problem is mainlv 
concerned with high-gluten wheats. 

As Thatcher says: 

Wheat and its products are valued as food according to the amount of protein 
which they contain, since other food materials, such as starch, fats or sugar, may be 
obtained more economically from other sources (9, p. 28). 

Starch is just as necessary an ingredient, and possibly of greater food value. 
But starch can be grown and supplied by many other plants just as easily, and perhaps 
more cheaply than by wheat. If it were possible to grow wheat so rich in protein 
that it would yield flour containing too small a proportion of starch for proper baking 
qualities, this deficiency could easily be overcome by adding starch from some other 
source (ifetd., p. 9). 

For the most part, in tests made of wheat varieties, selection is 
based entirely upon yield, sometimes supplemented, however, by milling 
and baking tests. As stated by Stewart and Hirst (B) : 

The grain buyers at the great central wheat markets attempt to standardize the 
grain brought, by classifying them as Ko. I, 2, 3, etc., and base their classification 
almost wholly upon certain physical characteristics, such as hardness, plumpness, 
colour of berry, etc,, — chaiacteristica which may not he the controlling ones in 
determining the value of the wheat for flour production. It would seem that reliable 
information regarding the actual moisture content of the wheat, and the protein 
content and actual baking value of the flour, would be more reliable guides in the 
purchase of wheat (p. UG). ; 

Although the percentage of protein in wheat is not an absolute 
gauge to its milling and baking qualities, yet, as Bailey says(i}: 

Joum, of Agric. Sci. x 
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The percentage of crude protein is of considerable value in indicating the relativo 
strength of flours, and other things being equal, the bating strength of a sound, hig}). 
grade flour is usually high, if the percentage of protein (gluten) is high, and Ion 
when the opposite is true, although there are frequent exceptions to this general 
rule (p. 19). 

A similar point of view is expressed by Harper and Peters (2): 

Flours containing a high percentage of gluten, other conditions being equal, 
arc preferred by bakers, and in some mai’kets such flours sell at a higher price. 
Protein is also the more valuable constituent of wheat from a food standpoint; 
therefore, both from a baker’s standpoint, and as a food product, wheats rich in 
proU'in are to be preferred. It is important, therefore, in selecting and deveJaphiQ 
a varielg of whmf, fn take into co?isi(leration the, content of nitrogen, as well as the yield, 
milling qualities, etc. (p. 7. Italics inserted). 

Le Clerc says (3): 

It may be well to emphasize the fact that the countries which arc the great 
buyers of wheat purchase generally on the basis of protein content, that is, on the 
basis of weight per bushel, and the weight per thousand grains; while in sonic 
localities, wheats are bought on the basis of the chemical analysis itself. It is there- 
fore of the utmost importance, in order to retain our foreign markets, and maintain 
our commercial supremacy and national reputation as producers of high-giadi 
wheat, that the dn,'iest nftenfion he paid, not only to the production of high yieldhuj 
ickeats, but also to the cultivation of varieties having a high protein content, unik a riar 
to growin.g wheats which combine these iivo characteristics — high ghden cotiient and 
large yields (p. 222. Italics inserted). 

That the problem of high-yielding wheats of high protein content 
is a real one to wheat breeders, is further maintained by Thatcher(9): 

Unfortunati'ly, it is just those coiiditioiia which produce plump, heavy grains, 
giving high yields per acre, which result in soft, starehy, low protein grains. The 
problem which confronts the wheat industry of this state is how to produce grains 
which, under our favourable conditions for long ripening periods and heavy yields 
per acre, will manufacture and store up sufficient protein, to yield flour of higli cnougli 
gluten content to make it desirable for bread- making purposes (p, 7). 

The situation as it stands, with respect to wheat varieties, is well 
stated by Stewart and GreavestT): 

Xo single variety now possesses combined, the desired characteristics of yield, 
protein content, flour yield, weight per bushel, and th(i most desirable milling 
qualities (p. 274). 

It will be necessary to consider in order the relation of the protein 
content (1) to external factors, and (2) to the variety type. 
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1, The Relation of Protein Content to External Factors. 

It is still an unsolved problem in wheat breeding at what point 
the influence of climatic and edaphic factors ceases, and the specific 
constitution of the variety asserts itself independently. The solution 
of the problem is demanded in all regions growing soft wheat. 
The matter has been thus stated by Woods and Merrill citing 

Schindler: 

In regions with a moist, warm climate, the fruiting period is prolonged, and 
almndant quantities of starch are formed in the large leaf surfaces, which such a 
climate produces on the wheats. The starch thus formed, ia all transferi-ed to the 
berry, which is thus filled up, as is shown externally, by the broadly expanded form. 
Such a wheat is relatively rich in carbohydrates and poor in protein. On the othei 
hand, a hot dry climate shortens the time for starch transfercnco, and the native 
wheats of such a climate are, in general, richer in prott^in, and lower in carbo- 
hydrates (pp. 152-153). 

So far as climatic factors arc concerned, it is sufficient to say that a 
Ion" "rowing season, with abundant precipitation, favours the develop- 
ment of a starchy kernel, while a short, dry growing season, especially 
in the spring, in the case of winter wheat, favours the development of 
grains high in protein, and consequently hard and glutinous. Quoting 
Railcy(i): 

.^^8 early as 1857, Lawes and Gilbert observed that a hvQ ripeniiio period ejUr 
hmdvig gave a plump kernel with a low percentage, of prob'in, n-hili' a shorter npeninff 
period rtsulted in increased protein content (p. 10. Italics ins(Tt(‘d). 

Thatcher, in 1907(0), held that tlic chief factor influencing perceiitagn 
variation iji the constituents of wheat is life Jengfh of (inie between 
flowering and the ripening of the seed. Summarizing, he says: 

In brief, it appears that any climatic conditions which tend to shorten this time, 
such as a lack of available moisture, or a hot wind, result in high -protein wheat, 
while conditions which tend to lengthen the ripening period, produc<‘ starchy, low- 
protein grains (p. 7), 

In 1911, Thatcher further says{i0): 

Many agricultural writers arc now contributing articic.s in .‘support of the view 
that climatic influences alone are responsible for differences in type of the wheal. 
fSome of these writers are of the opinion that the length of the growing period of the 
grain, instead of the rapidity of ripening alone, is the detormining factor in the kind 
of grain. In opposition to this, however, are the opinions of plant physiologists 
recently published, that the proteins of wheat are largely elaborated early' in the 
plant’s growth, and practically cease to increase in amount after the plant blossoms, 
while the manufacture of starch continues as long as any part of the plant remains 
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green. If, therefore, the period of time after blossoming is lengthened by any climatic 
conditions, the elaboration and storage of starch would be incrcMed, and the 
resultant grain would be more starchy or softer (p. 43). 

The writer’s own observations (5) are in general accord with those 
of Lawes and Gilbert, and of Thatcher’s 1907 statement, provided the 
special case of ''yellow berry’' in hard winter wheat is the sanw as the 
fjeneral case of soft as related to hard wheat. The data are not conclusive, 
if the details alone are considered, because of conflicting cases in the 
extreme numbers. A general survey of the results for the two crop years 
therein reported, however, may be more accurate as a means of gauging 
the matter for purposes of scientific inference, than the details would 
be. The averaged data are as follows: 

Table I*. 

No. of days, Mar. I Average perwmtage 

until ripe uf yellow berry Number of cases 

1900 1907 1906 1907 1906 1907 

118 125 33 39 128 127 

* Kansas E-xperiment. Station Bullclin 156, p. 20, 

The above data show the lower percentage of '‘yellow berry, ’’—soft 
starchy grain,— that is to say the higher percentage of hard, glutinous 
kernels, to be associated with the shorter spring period. 

Of the edaphic factors affecting the protein content of wheat, the 
most important is the water supply. In this connection, the data fur- 
nished by Bailey (1) regarding the relation between the precipitation 
between April 1st and September 1st, 1911, and the protein content of 
wheat and flour, in the ca.se of hard spring wheat growing in sixteen 
counties in Minnesota are instructive; 


Table II*. 



Protein 

Protein 


o/ 


Rainfall 

Whkt 

Flour 

between 12-13 iiichea ... 

14'93 

13-47 

14-15 „ ... 

13'73 

1261 

16-17 „ 

M-21 

12-56 

18-19 ... 

13-42 

12-29 

20-21 „ ... 

12-88 

U-87 

22-24 „ ... 

11-63 

10-65 


* .Minncsola Experirnent Station Bull. 131. 


t'orrt piled from Tabic VII, pp. 3l{-7. 


The Icwering of the protein content, concomitantly with the higher 


rainfall, is evident. 

The general influence of dry soil conditions upon hardness and 
protein content of the grain has been stated. The only way in which 
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the soil moisture supply may be radically altered is, of course, by 
irrigation. Turning to the statement of Stewart and Hirst(8); 

In case of the irrigated varieties of wheat, aa the amount of water applied 
decreases, the protein content increases. The protein content of the flour produced 
from the wheat which received no irrigation water, is one per cent, greater than 
that produced from wheat receiving an application of 25 inches, notwithstandinor 
the fact that the seed wheat in both eases was the same, and the non -irrigated 
wheat was grown on land which had been irrigated in previous years. The moisture 
and dry gluten content of the flour praluced from the irrigated wheat is considerably 
lower than that produced from either spring or winter dry-farm wheat {p. 149), 

The direct effect of irrigation water on protein content is reported 
from Utah as follows: 

Table HI*. 


Precipitation 

Protein % 

25 inches 

12-63 

15 inches 

12-92 

No irrigation 

13-62 


* Utah Experiment Station Bull. 12.5, p ]4,'>. Flour analyses. 


The relation of the protein content to climatic factors is well illus- 
trated by the data from several wheat-growing areas in the United 
States, showing the amount of variation in protein, with respect to what 
may be called regional types. Taking first the general rough classification 
of wheats into “hard,” “semi-hard” and “soft,” we have the following 
data ; 


Table IV^ 
[Montana.) 

Class 

Hard spring 
Hard winter 

Soft „ 


Pfotcin % 
ll-IKl 
10 ' 0 '> 
9.ie 


* Minnesota Experiment Station Bull. IIU (Bill), p. 42. 


Table V*. 

Pf olein Content of Wheat and Flour [Clah). 


1907 1907-S 1908-9 


k'llDiH No. of 


No. of 

No. of 

No. of 


No. of 


No. of 


1 varieties Wheat varieties Flour varieties Wheat varieties Flour 

varieties Wheat ' 

varieties 

Flour 

kd Winter 

2 

13-89 

2 

14-30 — 



80 

iti-Li 

78 

14-85 

|ni-hard „ 

10 

13'91 

9 

13-44 — 



9 

16-74 

9 

15 08 

[t 

1 

12-40 

1 

11-99 — 

_ — 

__ 

27 

16-02 

27 

13 85 

kd spring 

— 

— 


~ 2 

18-21 2 

18-53 



— 



— 

— 


_ 6 

17-46 6 

14-89 

— 

— 


— 


— 

— 

— 

— 7 

16-07 7 

16-23 

— 

— 

— 

__ 


• Utah Experiment Station Bull. 125. Compiled from tables on pp, 148-9, 
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The above tables show the general fact, which is sufficiently well 
known, that the hard wheats range higher in protein content than the 
soft wheats. 

Following out this comparison of wheats for different regions of the 
country, we find, that as we go west from the Atlantic seaboard, the 
protein content of the wheat rises. This is unquestionably due to the 
general fact that in the western wheat areas the harder wheats are 
grown. The following table illustrates the matter: 


Table VI*. 


Region 

No. of 
aiial^'ses 

Average 
of protein 

Atlantic and Gulf states 

117 

11-35 

Middle states 

91 

12-50 

Western ,, 

177 

12-74 

Pacific ,, 

20 

9-73 


* Report of Chemist, Dept. A<»ric. 1884, p. 77. 
BiiU. 97, p. 153. 


Reprinted hi Maine Experiment Station 


From the above table it is apparent that the protein content of 
wheat rises as we proceed from the eastern regions of higher precipitation 
to the relatively dryer areas of the middle and western states, except 
for the Pacific Coast region, where wheat is grown either by virtue of 
the winter rains or under irrigation. This is without taking varietal 
characteristics into consideration; the favourite wheats of the Pacific 
seaboard being soft, white varieties, which are characteristically low 
in protein. 

Similar data a^e furnished by the analyses of the Maine Experiment 
Station : 


Table Vn* 

No. of Average % 
Region of source samples of protein 

Maine grown 16 12-20 

Minnesota grown 25 14-09 

Western grown ... ... 12 14-52 


• Maine Experiment Station Bull. 97, p, 156. 


The figures in Table VIII, following, represent the results of the 
analyses of Minnesota-grown seed, as compared with the progeny grown 
in Maine from the Minnesota-grown seed as parents: 


Table VUI*. 

No. of Average % 
Region of source samples of protein 

Minnesota 5 14-41 

Aroostook Co., Maine ... 5 13-21 

* Maine Experiment Station Bull 97, p. 161. 
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The Kansas Experiment Station conducted a similar series of 
analvs<is of wheat from different states, with the following results: 

Table IX*. 


Region of source 

No, of 
samples 

Average 
of protein 

Washington 

.7 

10-25 

Tennessee 

4 

10-46 

Minnesota ... 

6 

11-96 

Kansa.s 

12 

12-48 


* Kansas "ExpeTiment Station Btdh 177; averages from pp. 124-112(5, 

The general data from Tables VI, VII, VIH and IX are in entire 
harmony with regard to the general proposition, that, as we proceed 
from the areas of greater rainfall of the eastern and Gulf states to the 
drier areas of the western and north-western states, there is a corre- 
sponding increase in the protein content of the wheat. That this coinmhs 
(\lsQ mih the fact of the growing of different varieties in the different regions 
is further true. 

2. The Relation of Protein Content to Variety Type. 

Narrowing the discussion down, from the matter of regional types, to 
that of “varieties,” we have the following data, from the experiment 
stations of Minnesota, Washington, Utah and California: 

Table X. 

Protein Content of Wheats from California, Utah, Washington 
and Minnesota. 


Variety 

No. oE 
samples 

Average % 
protein 

Propo''' 

... 5 

16-64 

Washington Bluest em 

33 

10-18 

White Australian 

42 

9-89 

Sonora 

17 

9-71 

Little Club 

52 

9-35 

Wlute Clubt 

1 

20-17 

Wellman’s Fife 

2 

17-45 

BLuestera 

3 

17-11 

Red Chaff 

4 

16-77 

Lofthouse 

.5 

16-05 

Odessa 

4 

16-55 


* Five variety gam plea from California Ex. Sta. Bull 312, p. 301. 
t Tweh^e variety samples from Utah Ex. Sta, Hull. 103, pp. 260-262. 
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Table X {cf)ntinued). 


Variety 

No. of 
samples 

Average % 
protein 

Turkey 

0 

16-40 

Sonora 

2 

10-29 

Whitington 

2 

16-10 

Northcoate’s Amber 

1 

L')-93 

Kofod 

3 

15-61 

Gold Coin 

4 

15-11 

Macaroni* 

13 

12-86 

Bluestem 

126 

12-44 

Ked Allen 

17 

12-04 

Jones’, Winter Fife ... 

43 

11-61 

Turkey Red ... 

56 

11-27 

Little (.'lub 

65 

10-75 

Forty-fold 

27 

10-74 

Red Russian ... 

16 

9-76 


* Eight variety samplea from Washington Ex. Sta. Bull 100, p. 36. 


Table XI*. 

Protein A nalyses of Flour from Maine, Minnesota and Utah, 


Variety 

Maine 

Minnesota 

ULali 

Fife 

1303 

13 74 

15-99 

Bluestem 

11-69 

11-51 

15-52 


* Utah Ex. Sta. Bull 103, p. 266. 


Finally, to these data, may be added the analyses of varieties of bread 
and macaroni wheats made in South Dakota: 

Table XII*. 


1903* 190.5t 


Type 

No. of 
varieties 

Average 

protein 

No. of 
varieties 

Average % 
protein 

Bread wheats ... 

1 

13-44 

6 

13-68 

Nortlicni or Russian macaronis 

00 

14-20 

25 

15-19 

Southern or Mediterranean 

30 

14-51 

17 

16-14 


macaronis 


* South Dakota Ex. Sta. Bull 82, pp. 23-26. t Bull 92, pp. 19-21. 

The well-known fact that regional difEerences, that is to say, differ- 
ences in the amount of precipitation, rate of evaporation, and probably 
also the heat factor during the ripening period, involve differences in 
the protein content of wheat is sufficiently shown by Tables VI to IX. 
The subsequent Tables, X to XII, seem to show that there is also an 
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unquestionable difference due to tlie fact of variety itself. On this 
point, however, there are conflicting views. 

According to Le Clerc and Leavitt’s investigations (4): 

Wheat of the same variety, obtained from different snnrces, and poftses^ ng indely 
differefU chemical and physical characteristics, when gromi side by side in one locaUty, 
yields crops which are almost the same in appearance and composition, of any 

one variety, from any one source and absolutely alike, in diileront eliinatie conditions, 
yields crops of very widely different appearance, and very ditferent clieiuica) eom* 
position. The results so far obtained would seem to indicate tliat the soil and sei'd 
play a relatively small part in influencing the composition of the crops (p. IS. Italics 
inserted). 

Thatcher also says, regarding wheats grown in the state tif Washing- 
ton (10, p. 40), that the variation in eomposition for the wheats grown 
in the different districts “is somewhat greater than the differences 
between the averages for the different varieties,” and that, 

,in other words, environmental conditions exert a greater iiifluence in determining 
the quality of wheat than do variety characteristic-s. Por this reason, u kiiowh'dge 
of the conditions under which the wheat is grown is more essential to a correct 
judgment aa to the quality, than is the variety name. There may be, and usiially 
are, greater variations in quality in the same variety wheji grown in dilTerent 
localities, than between ditferent varieties grown in the same locality (}). 10). 

On the other hand, Woods and Merrill (12), on the basis of their Maine 
experiments, say : 

Chemical composition depends more upon the variety cultivated, than upon soil 
and climate, although the influence of the two latter is by no means overlooked. 

The fact that varietal characteristics are fundamental, and can be 
counted upon as a basis for the breeding of wheat, is well known 
to all who have conducted experiments with the grain. Thatcher him- 
self says (10): 

Of the varieties most commonly grown, Bhiestcm still retains its position at the 
head of the list, carrying the highest average protein content. Red Allen, though not 
so commonly grown, is next in relative rank in protein content and gluten test (p. 23), 

and again (lO) : 

For example, Bluestem wheat grown in any given locality of average eonditions, 
will carry about one-sixth more protein, or yield that much higher gluten test, 
than Little Club grown aide by side with it (p. 40). 

Commenting further, the general statement is made regarding 
W ashington varieties (lO) : 

Ehminating the macaroni varieties then, it is apparent that Bluestem and Red 
Allen stand in a class by themselves, as superior to all other varieties commonly 
grown. Tui'key Red falls in a second class along with Jones’ Winter Fife, having 
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qualities slightly inferior to those of Bluest em. Little Club and Forty -fold form a 
third class of lower grade, and Red Russian is lowest in food and milling qualities, 
of any of the common varieties (p. 37), 

However, it is undoubtedly true, as is further stated by the same 
author (0): 

Within any given variety, there appear wide variations in composition. Thesi* 
viii'iatiun.s appear to be closely connected with the climatic conditions existing in 
the several localities. In general, the dryer the climate, the low'er the percentage 
of moisture, and the higher the percentage of protein (p. 19). 

Here the evident conflict between the quality of the grain, as 
expressed by the protein content, and the yield is plainly remarked 
upon in these words (10) {p. 38): 

These three varieties (Little Club, Forty -fold and Red Russian), are, however, 
those which are noted for high yielding capacity, and on that account will continue 
to he grown over large areas. 

Froin the experimental wmik done in Utah, Stewart and Greavea(7) 
offer further a piece of negative evidence regarding the behaviour of 
varieties grown in that state from 1904'1908, with respect to their 
protein content, as follows; 

It is noteworthy that the protein content of Gold Coin {,<( the. loieest of ani/ variety 
grown in the arid farm (p. 250, italics quoted). 

Summarizing the data surveyed, it appears: 

1. That the 'primary factors in determming the composition of wheal 
are dimaficy but that, 

2. Varietal differences do exist which manifest themselves in higher 
protein content in certain wheat varieties^ where grown side hy side with 
others in different situations. 

In the cases cited herein, the varieties were not pure strains, or at 
least were not spoken of as such. The writer, in the course of an investi- 
gation upon the relation of hardness of wheat to its protein content, 
had the latter determined for ninety-four pure strains, or “pure lines.” 
The.se strains were all derived, by a single head selection in each case, 
from commercial varieties of wheat. The amount of variation in 
protein content amongst these strains is measured by the standard 
deviation (a), or error of mean square. Comparing the standard deviation 
for these ninety -four different pure strains, grown in the same field the 
same season, with the same constant for 30 different commercial 
varieties (not pure strains), grown at the Kansas Experiment Station (ii) 
(pp. 114-117), and with the same constant for each of a number of 
varieties of Washington and California wheats, we have the following: 



H. F. Roberts 131 

Table XTTT. 


Where grown 

Wheat under experiment 

Standard deviation (ff) 
in percenta,i;e of protein 

Kansas* 

Pure strains 

94 

0-8318 

t 

Commercial varieties 

30 

1-27 

(UlifoiniaJ 

Club 

25 strains 

2-54 


Australian 

25 

1-87 


Propo 

20 „ 

1 -58 

Wa.shiiigton§ ... 

Bhiestem ... 

43 

2-21 


Turkey Bed 

19 „ 

1'28 


Little Club 

27 „ 

1 -54 


Jones’ Winter Fife 

10 „ 

O' 73 


Forty-fold 

10 „ 

0-5(i 


• Manuscript. t PP- lU-117. 

I Bull. 212, pp. 104^107, § Bull. 84, pp. 20-27. 

From this table it is evident that there are varietal characteristics 
with respect to protein content, some varieties manifestly varying more 
than others in this respect, as is shown by the standard deviation. 
A higher standard deviation may indicate that the variety in question 
was not very pure, and that the strains separated out belong to widely 
different types, or else tliat in such cases there exists a wide range of 
physiological adaptation of the plants, in respect to the factors operating 
to affect the protein content. 

It is evident that the mathematical degree of variation in protein 
content, as expressed by the standard deviation, may be a suggestion 
as to the relative adaptability of the variety itself. At all events, the 
decided difference in the degree of variadon in protein content in different 
varieties of wheat is, in itself, an indication that there is a greater 
degree of stability in that respect in some races of wheat than i[i others, 
whatever the reason for it may be. This fact confutes the idea that 
variation in the protein content is a phenomenon dependent upon 
climatic conditions alone, and indicates that the breeding of wheat for 
protein content is scientifically feasible. Considering the fact that 
different races of corn, such as dent and flint, differ widely in their 
protein content, and that the same holds good of rye and oats, there is 
no reason why distinct races of wheat, even within the so-called “hard” 
wheats, may not be originated, which are superior in that respect to 
those existing to-day. 

Retuining to Table XIII, a further inter esting fact is developed, that 
the ivheats with the highest standard deviaiiom, in other words, the wheats 
varying most in res'pect to protein content, are also, in California and 
Washington at least, the wheats most widely grown. According to Shaw 
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and Oaumnitz(6> (p. 317), Club Wheat is at the head of the list of varieties 
most widely grown in California. In Washington, according to Thatcher (lO) 
(p. 25), the seven wheats most generally grown are, in the order named. 
Bluestem, Little Club, Turkey Red, Jones’ Winter Fife, Forty-fold. 
Red Allen, and Red Russian. The first four of these, according to 
Table XIII, stand in the order named, with respect to the size of tbeir 
respective standard deviations for percentage of protein. This complete 
coincidence of high variability in protein, as expressed by the standard 
deviation, with the extent to which a variety is grown in a region, may 
possibly be significant. It may indicate a greater adjustability to varying 
local conditions, and a wider range of adaptiveness. A higher standard 
deviation in respect to protein at once indicates, ijpso facto ^ a corre- 
spondingly higher variation in starch. Wheat, of course, is grown 
primarily for yield, but in the last analysis those wheats are usually 
grown which are the best bread wheats that can be raised in the locality. 
This means, in every case, wheats that stand relatively high in gluten, 
i.e. in protein content. Hence the yield factor alone is not determinative 
in wheat growing. 

Roughly stated, of course, the reason for the predominance of one 
variety over another, in a given region of territory, is summed up iu 
the statement that it “does well” — i.e. that, in general, it surpasses 
others in yield, thriftiness, and grading of the grain. When we come to 
investigate narrowly the scientific factors concerned, it wmuld appear, 
from the data herein, that one unconscious selective factor at least is 
a certain wider physiological adaptability, which finds partial expre8.sion 
certainly in degree of plasticity or mobility in relative starch-protein 
production. 

Such, at least, the data with respect to the standard deviation seem 
to indicate. The data from the Kansas analyses are in another category. 
In these cases, we do not have separate standard deviation determina- 
tions for different varieties, but for two groups of wheats— 94 pure .strains 
in the one case, and 30 commercial varieties in another. The lots in 
both these cases were all hard, or semi-hard, wheats, and the data 
indicate simply the range of variation in protein aTHongst varieties of 
wheats, which is less than the range of variation within such soft varieties 
as Club, Australian, and Propo. 
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SUMMARY. 

1 . Protein in wheat is the most important constitAient, and therefore 
the ehief constituent to breed for. No wheat variety possesses at once 
combined the desired characteristics of high protein, high yield, maxi- 
niuni flour production, and maximum bushel weight. 

2. So far as climatic factors are concerned, a short, comparativelv 
drv growing season, espeeially in the spring, in the case of winter wheat, 
favours the development of grain rich in gluten, and hence high in 
protein. 

3. The most important ground factor in determining the starch- 
protein ratio is the water supply. The protein content has been found 
to varv from 11-63 per cent, under 22-24 inches of rainfall to 14-93 per 
cent, under 12-13 inches (Minnesota); and from 12*63 per cent, under 
25 inches of irrigation to 13-62 per cent, under no irrigation (Utah). 

4. With regard to regional types of wheat, the range of variation 
in protein content is from as low as 9-16 per cent, (soft winter from, 
Montana) to 13*89 per cent, (hard winter from Utah). 

With respect to regions of the country, variation in protein per- 
centage ranges from 11-35 per cent, in the Atlantic and Oulf slates to 
12-74 per cent, in the western states, while the wheats of the Pacific 
Coast run as low as 9-73 per cent. Maine experiments show an even 
wider range, where the same wheats were grown in Maine and Minnesota, 
running from 12-20 per cent, of protein for Maine to 14-52 per cent, for 
the western -grown wheat, 

5. Besides differences in the protein content of wheat owing to 
locality, there are differences due to variety itself. Speaking generally, 
the bread wheats are the lowest (13-44 per cent. — 13-68 per cent.); the 
Russian durums next (14-20 per cent. — 15-19 per cent.), and the Medi- 
terranean dunims highest (14*51 percent, -16-14 percent,). Within the 
bread wheats, there are varietal differences ranging from as low as 
9-76 percent, in Red Russian to 12-44 per cent, in Bluestcm (Washing- 
ton); and from 15*11 per cent, in Cold Coin to 17*45 per cent, in Well- 
man’s Fife (Utah). Flour analyses from Maine, Minnesota and Utah 
show Fife to exceed Bluestera by an average of 1*35 per cent, (from 
Table XI). In Washington, in any locality, Bliicstein has been found 
to carry one-sixth more protein than Little Club. In Utah, Cold Coin 
was constantly the lowest in protein of any variety. 

0. The variation in protein content is measured by the error of 
mean square, or standard deviation.’’ It appears tiiat, computing the 
data from California and Utah, the wheat varieties most widely grown 
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in those states are the ones that turn out, according to the writer’s 
computation, to have the widest variability in respect to their protein 
content, i.e. which have the highest standard deviation. This is true of 
Club wheat in California, and, in the order named, of Bluestem, Little 
Club, Turkey Red, Jones’ Winter Fife, and Forty-fold in Washington 
(see Table XTII). 

7. The conclusion is, since variability in protein content is a varietal 
characteristic in wheat, that, in breeding for general purposes, wheat 
strains should be sought out which vary greatly in this respect, rather 
than those which are rigid. In other words, greater flexibility in the 
starch-protein ratio means greater climatic adaptability. In breeding 
for a limited locality, wheat with a maximum protein content, and with 
the least possible variability with respect thereto, is to be sought; the 
variability in this respect being computed in terms of the error of 
mean square or standard deviation. 
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A METHOD FOR ESTIMATING THE NUMBER OF 
ACTIVE PROTOZOA IN THE SOIL. 

By D, W. cutler. 

{Rothanistcd Experimental Station. ) 

IXTRODUCTION. 

Thk present writer has pointed out in a previous paper( i) the iinportaiH’C 
of finding means for estiinatiiig the number of protozoa in tlie activc- 
noncystic-condition in a soil sample. Up to the present, with few excep- 
tions, the total number of protozoa, irrespective of their condition, has 
been ascertained, and no method has yet beeiV evolved giving an ap- 
proximately accurate estimate of the number in an active condition. 

PREVIOUS WORK. 

Martin and Lewin(9) were the first to show that in normal soil there 
existed an active trophic ^ protozoal fauna. This they did by two methods. 
In the first, soil was stirred into picric acid contained in a porcelain 
dish. A film rose to the surface containing protozoa, which could 
be collected on cover glasses. This method gave fair results as regards 
small flagellates, small amoebae and thccamoebac. Tlic second method 
consisted in bubbling a stream of air througli a susjicnsion of tlie soil to 
be tested and allowing the bubbles to break on to cover glasses fixed at 
the surface of the suspension. Thus they showed that Rothamsted soil 
contains active amoebae and flagellates. 

These observations arc interesting and important in demonstrating 
the presence of active soil protozoa, but give no clue as to their numbers. 

Cunningham ( 3 ) attacked the problem in a somewhat different manner. 
As cystic protozoa are more resistant to high tejnporaturc than active 
ones, he suggested heating to 58° C. in order to kill all active organisms 
and leave cysts uninjured, thus allowing a distinction to be made between 
these two conditions. This was adopted in combination with a dilution 
method. Two sets of dilutions were made, the first with untreated soil 
and the second with soil which, in the 1 /1 00 dilution, had been heated 
to 58° C. 

^ Active means capable y£ movement and trophic means capable of feeding. Ab the 
states usually Bynehronise protozoo logiats use the terms syuonyraously. 
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Experiments indicated, however, that a temperature of 58"^ C., while 
absolutely essential if one wished to be certain that all active forms were 
killed, also kills a large number of encysted protozoa. The method was 
therefore impracticable. 

Drying the soil or treating it with 0*5 per cent, caustic potash, though 
showing that an active protozoal fauna existed, proved unsuitable for 
estimating the number of cysts and active forms. 

Koch (7), Itano and Ray (6) and Kopcloff, Lint and Coleman (8) have 
described direct methods for doing this, but none are entirely satisfactory 
for routine work. 


HYDROCHLORIC ACID METHOD, 

The enumeration of the active forms can be obtained by the use 
of hydrochloric acid, in conjunction with the dilution method in use at 
llothamsted. 

Cropper and Drew (2) have already found that the cysts of a soil 
amoeba — species not given —are able to withstand 48 hours action of a 
2 per cent, solution. The HCl used was R.P. pure 3T8 per cent. Goodey (5) 
has also shown that hydrochloric acid does not dissolve the cyst wall of 
Colpoda rMcullm. In the present investigations mixed cultures of pro- 
tozoa from the soil were used, including the following species : Cercowmm 
sp., Oicomonas lermo, Moyias vulgaris , Amoeha glehae: Vahlkampjia sp., 
Colpoda cucullus^ Colpoda steinii, Gonostomum affinis. In all cases it is 
found that the active forms are killed while the cysts are unaffected. 
Counts made before and after treatment, therefore, give estimates of the 
respective numbers in the two conditions. 

EXPERIMENTAL DETAILS. 

Control Experiments. 

Microscopic examination. These experiments were to determine the 
effect of varying strengths of hydrochloric acid on protozoa in the active 
condition. Cultures of the various flagellates, amoebae and ciliates in 
the active stage were subjected to the action of HCl, of the strengtlis 
0-5 per cent., 1 per cent,, 2 percent., of the ordinary variety of M5 sp. gr.^ 
In all cases the organisms were almost instantaneously killed as shown 
by their sudden cessation of movement, followed by disintegration. 
There is no doubt that hydrochloric acid of the strengths stated kills all 
the active forms of protozoa investigated. Barratt(i) has also shown that 

^ The titration value is as follows: lOc.o. 2 per cent, requires 18'9c.c. N/10 NaOH. 
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()'l)004 ^ . IK-I will C 311 SC the death of Paraiuoecia in oiu* nuiiiito Cysts 
appeared unaffex‘,tcd by the treatments, but they rniglit have been killed 
without showing any outward sign. To test this two methods Avere used : 
a rapid eosin method, to which, however, sonic exception minht be. 
taken on theoretical grounds, and a more detailed exeystatiou method, 
to which ive believe no exception can be taken. Kueneo and Swellen- 
grebel state that dead protozoan cysts are coloured l ed under the action 
of dilute eosin while living ones remain colourless. This was found to 
be the case with the cysts of Entanwcha Msfolytica by Wenyou Jiud 
OX'onnor(iO) and the present writer. Such a rapid metliod of detecting 
dead cysts is naturally of great use and ivas therefore tested on tlie (‘vsts 
of soil protozoa. Cysts were tested with a 0-125 per cent, waterv solution 
of eosin. In some cases the cysts remained colourless for as long as half 
. !iii hour. Kxperiments at longer intervals wore ?u)t made, Kxeystation 
showed that these colourless cysts were a.li\-c. C'ysts fi'oni the .same cul- 
tures were then killed either by boiling or lieating at 85'^ 0. for one hour, 
or else they were placed in normal solutions of strong acids for a (juarter 
(dan hour. Exeystatiou experiments demonstrated that such treatment 
caused the death of cysts. When these dead cysts were, placed in the 
watery solution of cosin they at once became uniformlv coloured. In the 
next series of experiments cysts of amoebae, flagellates and ciliatcs 
treat’d with 0-5 per cent., 1 per cent., and 2 per (-ent. livdrochlorict acid 
(sp, gr. T15) for 12 hours and 21 hours respect ivelv were tested for 
viability by this eosin method. The cysts did not tak(' up tin' stain and 
were therefore regarded as living. 

Microscopic examination therefore showed that active forms of 
amoebae, flagellates and ciliates were killed by the. action of hydrochloric 
acid in strengths ranging from 0-5 per cent, to 2 per cent,; hut that the 
cystic forms, or at any rate the large majority of them, could withst-aiid 
this treatment for at least 2-1 hours. The different reactions of dead and 
living cysts to dilute eosin obviously depend on changes in the permea- 
bility of the cell membrane. As our knowdedge of those changes is scanty 
and somewhat chaotic, perhaps too much reliance should not be placed 
on the method. Nevertheless it i,s very useful on account of its 
simplicity and rapidity in giving results, and if checked by other experi- 
uients is well worthy of general use. 

Excy.station tests. In these experiments suspensions 'containing a 
known number of active and cystic amoebae, flagellates and ciliates were 
made. The number per cubic centimeter was calculated by the method 
previously described {-i), The suspensions were then treated with 1-5 per 

Joum. o! Agrio. Sci. x 10 
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cent. HCl (sp. gr. 1 ■ 15) acting overnight and the following morning suitable 
dilutions of 1 c.c. of the suspensions were plated on to agar. It was found 
unnecessary to wash the protozoa entirely free from acid after the trcai- 
ment as exeystation will take place in the presence of -02 per cent, of tin* 
hydrochloric acid, an amount considerably in excess of that left after the 
dilutions have been made. In Table I are given the results of some of 
these experiments. It demonstrates very clearly that, by the addition 
of hydrochloric acid in suitable strength to a suspension of protozoa, 
the active forms arc killed, leaving the cystic one alive, and that this 
occurs in types of protozoa common to the .soil. 


Suspension 

1 . 


4 


Table I. 

Number nf organisms per Number of organisms after 
c.c. found by direct count ment as found by ddution method 


Amoebae (cysts) 

llo.OOO 

Amoebae 

30,000 

,, (active) 

20,000 



Flagellates (cysts) 

no.otx) 

Flagellates 

150,000 

,, (active) 

080,000 



Amoebae (cysts) 

80,000 

Amoebae 

70,000 

„ (active) 

50,000 



Flagellates (cysts) 

45,000 

Flagellates 

40,000 

,, (active) 

200,000 



Ciliates (cysts) 

45,000 

Ciliates 

35,000 

,, (active) 

35,000 



Amoebae (cysts) 

40,00t.) 

Amoebae 

35,000 

„ (active) 

100,000 



Flagellates (cysts) 

250,000 

Flagellates 

250,000 

„ (active) 

400,000 



Ciliates (cysts) 

7.5,000 

Ciliates 

00,000 

,, (active) 

50,000 



Amoebae (cysts) 

40,000 

Amoebae 

30,500 

,, (active) 

25,000 



Flagellates (cysts) 

175,000 

Flagellates 

170,500 

,, (active) 

0 



Ciliates (cysts) 

12,500 

Ciliates 

10,000 

,, (active) 

5,000 



Aino^ae (cysts) 

25,000 

Amoebae 

20,000 

„ (active) 

100,000 



Flaffcllatcs (cysts) 

200,000 

Flagellates 

160,000 

,, (active) 

150,000 



Ciliates (cysts) 

50,000 

Ciliates 

45,000 

„ (active) 

30,000 




It will be noted, however, that in each experiment the number of 
organisms recovered alive after the treatment is usually a little less than 
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wijs expected. A discussion as to the reason for this is ;^iven latiM'. The 
filial aeries of control experiments were made upon soil containinj: pro- 
tozoa. Ordinary Rothamsted soil was sterilised in I he autoclave under 
lbs. pressure for half an hour, and to this soil was then added a counted 
suspension of protozoa in all stages of development. 

It was then treated with 2 per cent. HCR overnight. Suitable dilu- 
tions were made and plated on to agar. Fifteen such experiments were 
performed, a representative five of wliich are given in Table 11. 


Table II. 

Number of organisms per Number of organisms nfler tR'st- 
Sampln gram of soil inent as found by dilution incihofl 


Amoebae (cysts) 

25,000 

Amoebae 

25,000 

,, (iictivc) 

40,000 



Klagcl laics (cysts) 

100,000 

Flagellates 

!)5,t)00 

„ (active) 

100,000 



Ciliatcs (cysts) 

32,.5(HI 

filiates 

30,000 

„ (active) 

5000 



Amoebae (cysts) 

00,800 

AnKK'bae 

05,000 

„ (active) 

50,250 



Flagellates (cysts) 

560,000 

Flagellates 

500,000 

„ (active) 

130,000 



Ciliates (cysts) 

10,000 

filiates 

10,000 

„ (active) 

35,000 



Amoebae (cysts) 

15,000 

Ami lelKie 

1 2, .500 

„ (active) 

20,000 



Flagellates (cysts) 

45,000 

Flagellates 

10.000 

„ (active) 

00,000 



filiates (cysts) 

15,2.50 

filiates 

10,000 

,, (acftve) 

35,000 



Amoebae (cysts) 

2500 

Amoelsu.' 

22.50 

„ (active) 

4000 



Flagellates (cysts) 

1500 

Flagella tc.s 

looo 

„ (active) 

6500 



(:iliatos (cysts) 

25,100 

filiates 

20,000 

„ (active) 

5000 

t' 


Amoebae (cysts) 

645,000 

Amoebae 

ooo.oott 

„ (active) 

537,000 



Flagellates (cysts) 

1000 

FJag<‘llatcs 

!)U0 

„ (active) 

1500 




’ In all experimenf.s the carbonafo content of Die soil was estimati!(i and stiflicinu 
-% HCl of ep gr. M.^ added to leave an excess of aeid. 


10— 2 
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HYDROCHLORTCJ ACID METHOD OF DISCRIMINATING BETWEEN 
CYSTS AND ACTIVE FORMS. 

The control experiments described above show that the hydrochloric 
acid method is capable of .living approximately accurate counts of the 
active protozoa of tlie soil. The method now in use in this laboratory is 
as follows. 

On one part of the soil sample total protozoal counts are made by the 
dilution method described below. Another sample -10 grams of soil— 
is then treated with sufficient 2 per cent. HCl (see p. 139, footnote) to 
neutralise the carbonate present and still leave an excess of unchanged 
2 per cent. acid. The acid is allowed to act overnight. After treatment 
the number of protozoa in the sample is ascertained by the dilution 
method; this gives the number of cysts since the acid has killed all the 
active forms, leaving most of the cysts unharmed. The number of cysts 
subtracted from the total juiinber of organisms given by the first count 
gives the number of active protozoa per gram of the soil sample^. 

The details of the dilution method, devised by Cunningham, modified 
by L. M. Crump, and used in my laboratory, are as follows: 

10 grams of soil are passed through a 3 mm. sieve and then added to 
100 c.c. of sterile tap water or physiological salt solution. This gives a 
I/IO dilution. From it further dilutions are made as showm below. 


No. 1. 

lu gm 

soil ill 100 

c.e. lip 

— 1/10 dilution 


10 c.e. 

Xn. 1 „ 90 

„ „ 

= 1/100 

„ 3. 

o „ 

43 

„ 

= 1/1000 „ 

4. 

■20 

3 „ 30 


- 1/2500 „ 

0. 

■20 „ 

„ 4 .. 20 


= 1/5000 „ 

„ (i. 

30 „ 

„ 3 „ 1.3 


= 1/7500 

„ 7. 

30 „ 

„ 0 „ 10 


= 1/10,000 „ 

„ «. 

■20 „ 

„ V ■„ 30 

„ „ 

= 1/25,000 „ 


■20 „ 

„ 8 „ 20 


= 1/50,000 „ 

M 10. 

30 

„ 9 „ 15 


= 1/75,000 „ 

„ 11. 

30 „ 

,.10 „ 10 


= 1/100,000 „ 


Niitvient agar is poured into sterile Petri dishes. When the medium 
has solidified, the dishes are inoculated in pairs with 1 c.c. of each dilution. 
Incubation at 20” C. is continued for 28 days, and the plates examined 
at intervals of 7 days, 14 days, 21 days and 28 days. This long period 
of incubation is necessary in order to ensure accurate results. 

^ As further eyiitrols after treatraent the titration value of the acid solution over the 
soil is estimated and the fluid allowed to. act on a culture of active protozoa in order to 
prove that the acidity is sufficient to cause the death of all active forms. 
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The hydrochloric acid method has been in use for a short time onlv, 
but sufficiently long to show that it gives concordant and apparcjitiy 
accurate results. 

A few of these are given in Table TIL 
Table III. 

Number of protozoa 

Date Mann rial treatiiient per gm. Numlier <>[ attivc' Wali-r 

sample taken of plot (oystic and active) protozoa per gui, content 



A* 

F 


A 

F 

C 


.fuly 29, 1919 Farmyard manure 

1000 

25,000 

lOO 

900 

17,500 

90 

17-.52 

Unmanured 

2rioo 

2500 

0 

2400 

1500 

0 

1407 

Aug. 18, 1919 Farmyard manure 

100 

1000 

10 

90 

900 

10 

3 08t 

Unman 11 red 

100 

5000 

10 

90 

4900 

10 

4-81 

Oct. 8, 1919 Farmyard manure 

2500 

25,000 

10 

0 

17,500 

10 

15-48 

Unmanured 

7500 

7500 

0 

2500 

5000 

0 

i:i-24 

Oct. 27, 1919 Farmyard manure 

2500 

5000 

10 

1.500 

4000 

0 

19-11 

Unmanured 

100 

1000 

0 

90 

950 

0 

12-87 

Xov. 13, 1919 Farmyard manure 

600 

2.500 

10 

400 

0 

0 

22-27 

Un manured 

100 

100 

0 

50 

0 

0 

l(i-17 


* In the above table A -amoebae; F = flagellates; C^cilhites. 
t This value is remarkably low; the aample was taken after a long jK'riod of drought. 


The experimental plots investigated are part of Tlroadbalk field 
where wheat has been grown continuously since, 1843. One of the plots 
has received no manure since 1843; while the other has had applied to it 
14 tons per acre of farmyard manure yearly since 1852, 

DISCUSSION. 

Table III demonstrated that in the soils investigated there are nor- 
mally present a number of active trophic protozoa, even when the 
moisture content of the, soil reaches the unusually low proportion of 
3-08 per cent, or 4*81 per cent. 

As shown in a previoms paper (4) it is probable that protozoa are 
usually resident on the soil particles, from which it seems to follow 
that the, organisms are in a moist environment even when tin*, soil is 
low in water content. 

The hydrochloric acid method has not been in operation sufficiently 
long to allow of disemssion upon the proportion of active to cystic pro- 
tozoa, which apparently varies from month to month; Jior of the action 
of external factors upon the ratio. It is obvious, however, that intere.sting 
results will follow the application of the method over a long period. 

In Tables I and II it will be noted that the number of protozoa re- 
covered after treatment with the acid is in most cases somewhat less than 
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was expected. On no occasion were more recovered. This may be due to 
two causes— experimental error, and death of certain cysts. Experi- 
mental error will doubtless explain a certain amount of discrepancy, 
hut the whole cannot be ascribed to this cause, for on such an assumption 
one would expect the numbers to be both greater and less than expecta- 
tion, and not only in one direction. 

Certain cysts, liowever, will probably be killed by the hydrochloric 
acid, thus giving a uniformly lower count after treatment than before it. 
Protozoa at the beginning of encystation, or in the last stage of exey sta- 
tion are much less resistent to the action of acid and wmuld probably 
be killed by such treatment. As these processes are continually going 
on in the soil a certain proportion of cystic protozoa will therefore 
he killed by the hydrochloric method. Nevertheless the error so produced 
is not a serious one, for organisms in such conditions would in the 
one case be active a short time before the soil sample was taken, 
and in the other case wmuld become active immediately afterwards. 
These cysts therefore could be regarded as active forms. Einally, 
it must be remembered that the w^ord cystic is used for two quite 
distinct conditioJis — a point most soil protozoologists seem to have 
ignored. Physiologically there are two type.s of cysts — the reproductive 
and the resistent (“dauercysterP'). Our knowledge of the reproductive 
cysts of soil protozoa is extremely scanty, both as regards the species 
which produce them and as to their resistance to unfavourable external 
conditions. It may well be that treatment with hydrochloric acid kills 
some or all of such cysts. However, a thorough investigation of these 
questions is in hand. Notwithstanding these possible sources of error, 
the hydrochloric acid method gives sufficiently accurate results to 
w^arrant its application to the counting of active soil protozoa^. 

SUMJIARY. 

1. A method is described by which it is possible to estimate the 
numbers of active protozoa in a soil. 

2. The total number of protozoa is first found by a dilution method. 
A fresh portion of the soil is then treated wfith 2 per cent. HCl (sp. gr. 
M5) overnight. By this means all active forms are killed. A second 
count by the dilution method gives the number of cystic protozoa in 
the soil. Prom these results the number of active forms can be 
ascertained. 

1 Wliile this paper has been passing through the press Collett has published an 
interesting iitv-ounl of the toxieity of aoids to ejliates {Journ. Krp. Zool. 29, p. 443, 19l!>)- 
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ON THE CHANGES THROUGH WHICH THE NODULE 
ORGANISM (PS. RADIO ICOLA) PASSES UNDER 
CULTURAL CONDITIONS. 

By W. F. BEWLEY antj H. B. HUTCHINSON. 

[Rothamded Experimental Station, Harpendeni] 

(With Plates I-lII and One text-figure.) 

Since Hellriegcl and Willfarth’s discovery in 1888 of the peculiar 
nitrogen nutrition of leguminous plants by symbiosis with specific 
micro-organisms, and tlie further work on the isolation of the organisms 
and the mode of infection of the plant by Beijerinck and Prazmowski 
respectively, a considerable number of investigations have been made 
on the nodule organism and its relation to the host plant. The earlier 
studies included many observations on the morphology of the organism, 
but the realisation of the possibility of soil inoculation and its practical 
significance naturally directed attention largely to the development of 
cultural technique and no corresponding advances were made in our 
knowledge of the mechanism of the process of nitrogen fixation, or of 
the development of the organism itself. The work of Nobbe and Hiltner, 
Simon, Harrison and Barlow, and Kcllerman has placed the preparation 
and use of virulent cultures on a definite basis. But as regards the 
morphological side we are still unable to reproduce, in miro, the 
characteristic changes through which the organism is known to pass in 
symbiosis with the plant, nor has much light been thrown on the 
chemical processes in the nodule. Quite recently Burrill and Hansen (i) 
have pointed out that the life-cycle from the soil to the nodule and back 
to the soil is unknown and that we have as yet no clue as to the form 
in which the organism exists in the soil. 

The early investigations of Beijerinck (2) led him to recognise the 
existence of three stages through which the organism passes prior to 
and during its period of existence with the host plant. The first of these 
is the swarmer stage in which form actual infection of the plant takes 
place. The cells are actively motile and of extremely small dimensions, 
O’fi/r long and O'lSfL broad, and on this account were regarded by 
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peijerinck as rcpresfintatives of the smallest living organisms. Subse- 
quent to the infection of the plant, the swarnier gradually assumes a 
larger asymmetrical spindle-shaped rod form, about 4 /a long and l/t 
wide, which eventually develops into the characteristic branched indi- 
viduals, tlie so-called bacteroids. Although Praznio\vRki(3) employed, 
in part at least, media of the same composition as those \ised bv 
Beijerinck, the dimensions of the organisms encountered in pure culture 
differed. Prazmowski mentions, in addition to inhnitely small cells, 
the occurrence of larger motile bacilli, long and 0'2/x wide, which 

are often to be found as chains of two, three, or four cells. 

Gonnermann ( 4 ) employed plant-extract peptone gelatine, and claimed 
by the use of this medium to have isolated ten different nodule 
bacteria, seven of which passed as Bacilli iuherigeni, two as Micrococci 
luberigeni and the other was identified as Bacillun Jiuoref^cens non-Uque- 
faciens. In view of the peculiar conditions under which he obtained 
these organisms, and the absence of any of the precautions which are 
now considered to be necessary for the isolation of the nodule organism, it 
is difficult to attach any importance to his results. Maze (5) regarded 
the organism as being markedly pleomorphic and mentions a fact 
vurthy of note in connexion with our own results, namely, the tendency 
of the organism, when grown in an atmosphere of nitrogen, to assume 
a coccus form which, on subsequent cultivation under aerobic conditions 
and especially on potato, gave rise to bacilli again. 

Although the predominant forms usually found in pure cultures of 
the nodule organism arc those first described by Bcijcrinck,the occiiTrence 
of more complex cells such as bacteroids of the normal Jiodule has 
frequently been noted; in fact, definite attempts have been made to 
induce bacteroid formation on artificial media. Beijerinck (a) first men- 
tioned their presence in pure cultures, and at a later date Stutzer(T) and 
Hiltner(8) carried out a considerable number of experiments with 
different media with the object of securing extensive bacteroid formation. 
While it was possible to obtain isolated cases of the fortjiatiori of much 
branched cells in certain of these media, the experiments were only 
partially successful, the branched forms being relatively few in number 
and varying both in size and shape from tliose ordinarily found in the 
nodule. On the other hand, little attention has been paid to the reverse 
change of the organism, i.e. the “down-grade” transition from the more 
complex to the simpler forms. In the main, observations have been 
confined to the dissolution of the bacteroid forms obtained froju living 
nodules, and Prazmo\vski(Ji) gives illustrations of the degeneration of 
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bacteroidft into “oily” globules. Morck(io), although failing to realise 
the true nature of the baeteroid form, which he regarded as a product 
of the plant itself, recorded the presence in the bacteroid of a “micro- 
coccus-like microbe,” 

Ldhiiis and Smith (ii) studied the forms produced by Ps. radicicola 
and noted the presence of small globules and ovals, slime threads and 
cocci, regenerative bodies, and observed the granular decomposition 
of small rods and threads to form “spores.” 

THE PRESENT INVESTIGATION. 

In the course of an inve.stigation having for its object the production 
of active and virulent cultures of the organism, a number of nutrient 
media were prepared in the hope that a satisfactory substitute for the 
ash-maltose agar of Harrison and Barlow (12) might be obtained, since 
much appears to depend on the preparation of the plant ash used for 
tliis purpose. Cultures of the nodule organism were isolated from red 
clover, broad bean, lucerne and lupine plants and transferred weekly 
to a range of fresh media. It was noticed, however, during the micro- 
scopical examination of these cultures prior to transference, that certain 
of the tubes contained a number of coccoid forms scattered among the 
normal rod vegetation of the cultures. Especially was this the case in 
cultures of the red clover organism. 

It was at first thought that these coccoid forms might represent a 
definite infection and our attention was consequently directed to their 
elimination by repeated sub-cultures. The Petri dish cultures gave rise 
to one type of colony only and, after transference of several of these to 
slant culture tubes, the growths were again replated and again tubed. 
This was repeated six times, and in none of the cultures was it possible 
to detect the coccoid forms upon examination after seven days. Einally 
the organism was tested for specificity by infection of clover seedlings. 
To this end, clover seeds were sterilised in mercuric chloride solution and, 
after being washed in sterile water, were transferred to sterile water 
agar in Petri dishes to germinate. After five days six sterile seedHngs 
were transferred to Erlenmeyer flasks containing sterile mannitc mineral 
salt agar and inoculated with a culture obtained in the above manner. 
At the end of one month the seedlings possessed from four to seven 
nodules each and thus satisfactorily demonstrated the conformity to 
type of the cultures employed. Furthermore, the cultures used for 
these infection experiments were again induced to give rise to the coccoid 
forms by the methods described below. 
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The observations recorded lu this paper sliow tliut the life-cycle 
proceeds in the following five stages: 

(!) The 'pre-swarmer form {non-mot i(e). When a culture of the 
organism is placed in a neutral soil solution, it is converted after four 
or five days into the pre-swarmer form (see Fig. 1 i). 



I 

Fig. 1. 1. Fie-9WLintier jirst sUigo. 2. PrC'^wannet second stage. 3. Swarmor. 

4. Motile rod. f>. Highly vaciiolate<l ro(l.<. 

(2) Second, stage, larger non-mot Ue coccus, When the pre-swantters 
are transferred to a suitable medium, such as inanuite agar, they undergo 
a change. The original coccoid pre-swarmer increases in size until it.s 
diameter has been doubled, but still remains a non-motile coccus. 

(3) Swarmer stage, m.ofilc. The cell then becomes ellipsoidal and 
develops high motility. This form is the well-known “swarmer" of 
Beijerinck. 

(4) Rod-form. Proceeding in an “up-grade” direction, the swarrner 
becomes elongated and gives rise to a rod-form, which is still motile, 
but decreasingly so. So long as there is sufficient available carbohydrate 
in the medium, the organism remains in this form. 
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(5) Stage of high vacvolation. When however the organism is 
placed in a neutral soil extract {or the available carbohydrate becomes 
exhausted), it becomes highly vacuolated and the chromatin divides 
into a number of bands. Finally these bands become rounded off and 
escape from the rod as the coccoid pre-swarmer, 1. 

Our experiments show that lack of available carbohydrates is con- 
ducive to pre-swarmer formation, while in the presence of available 
carbohydrates the pre-swarmers become swarmers and finally rods. 


EXrtlRIMENTAL. 

In general the media used for the cultivation of the nodule organism 
consisted of two solutions, soil extract and mineral salt solution, from 
which five stock agar media were prepared. The soil extract was made 
by steaming one kilo of garden soil with two litres of distilled water for 
a period of two hours, after which the liquid w^as filtered through a 
Berkefeld filter candle. The min era 1 salt solution w'as that suggested 
by Ashby (IS) and consisted of: 


Magnesium sulphate ... 

n-2 grm. 

Sodium chloride 

0-2 „ 

Mono-potass, phosphate 

0-2 „ 

Calcium sulphate 

0-1 „ 

Calcium carbonate 

0-2 „ 

Water (dist.) 

1000 c.c. 


The composition of tlie different agar media is set out below : 
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Soil Extract (o.c.) 

lUOO 

1000 

1000 



Mineral Salt Soln (c.c.) 
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1000 

1000 

Mannite. (grms.) 

— 

10 
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10 

— 

Saccharose ( grro s. ) 

— 

— 

10 

— 

10 

Agar (grms.) 

15 

15 

15 

15 

15 

Reaction 

0^ 

-1-5° 



-1-5' 


During the course of repeated cultivations of the nodule organism 
on these media and especially in those cases when recourse was had to 
the use of soil extract media, the occurrence of coccoid bodies was 
noted. On the one hand, frequent transferences and repeated preparation 
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of plate cultures sufficed to demonstrate the purity of the cultures, whicli 
had thus given rise to divergent forms and, on the other, the final tests 
on the plant infection power were carried out on the lines already 
indicated. The identity of the organisms having th\is been definitely 
established, it was decided to, ascertain as far as possible the conditions 
that made for tlie occurrence of these coccoid or pre-swurmer forms. 

Ill the main we have studied the conditions of aeration and food 
supplv and the effect of various temperatures on the growth of the 
organism. 


Kelations to Air Supply. 

Since the conditions in liquid media and in masses of actively 
growing bacteria might reasonably be expected to be only partially 
aerobic, a considerable number of observations have been made on the 
behaviour of the nodule organism when exposed to an anaerobic environ- 
ment, Preliminary experiments included the use of the specific organism 
from red clover, broad bean, lucerne and lupin, the cultures being made 
on soil extract mannite agar, either in tubes or flasks. For convenience 
of operation the tubes were placed in a glass bottle with a supply of 
alkaline pyrogallol. After the necessarv inoculation had been carried 
out, the flasks or bottles were evacuated by attachitient to the pump, 
and normal pressure was then restored by allowing a slow current of 
air to pass through a vessel containing a deep layer of alkaline pyrogallol. 
This alternate evacuation and replacement by an oxygen-free atmosphere 
was repeated ten times and the cultures were theji incubated. While 
the clover and lucerne organisms failed to grow under these condii ions, 
those of broad bean and lupin after fourteen days covered the surface 
of the agar as a slightly mucilaginous mass. B’urther incubation under 
these conditions led to a decrease of mucilage and subsequent examina- 
tion revealed the presence of the coccoid forms to which reference has 
already been made. 

To test the effect of anaerobic conditions on the clover and lucerne 
organisms, a number of cultures w^erc set up and submitted to prelimin- 
ary incubation for seven days with free access of air. When growth of 
the organisms was sufficiently far advanced, the tubes were transferred 
to anaerobic conditions and observations were subsequently made at 
definite periods. Once a culture had been opened and examined it was 
discarded, the possible disturbance from intermittent aerobic conditions 
being thus avoided. 
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History of Original Cultures. 

All the cultures \vere derived from strains isolated four months 
previously with the observance of the precautions set out by Harrison 
and Barlow ( 12 ). During this period they were repeatedly cultivated on 
soil extract mannite agar, and by means of transference once a week 
the organisms were maintained in the form of actively motile small 
rods. After certain periods under anaerobic conditions the following 
observations were recorded: 

2 TJmp. Bean and lucerne ouUwes — thick, mucilaginous rod forms. 

Clover — non-mucilaginous and increased vacuolation of cells. 

decrease in mucilage; increased vacuolation; rapid 
division to small rods in some cases. 

3 Daif6\ tew— mostly rod form; very mucilaginous; some rods highly 

vacuolated. 

Lucerne — small highly vacuolated rods. 

Clover — small rods; increase in vacuolation. 

Lupin — small and large vacuolated rods. 

7 Dajfs. All highly vacuolated. Plate II, fig. 3. 

9 Cocci appearing in clover culture. Plate II, fig. 4. 

19 Dayfi. Cocci appearing in all cultures. 

One Month. Many cocci in all cultures. 

After 19 days one set of tubes was removed from anaerobic condi- 
tions, sterile air was passed through the vessel and the cultures were 
then incubated. 

2 Days. Number of cocci increased. 

4 Days. Appearance of small rods. 

12 Days. Mostly all rods; little or no vacuolation. 

In continuation of these experiments the effect of other atmospheres 
on the growdh of the organism has also been determined. While culti- 
vation in oxygen leads to the production of good mucilaginous growth 
and of forms showing high differentiation of the cell contents (Plate II, 
fig, 1), confinement in an atmosphere of hydrogen results in a reduction 
of the mucilaginous character and an abundant formation of the pre- 
swarmer stage. Exposure to the action of free ammonia in normal 
atmosphere reacts unfavourably on growth of the organism and tends 
to the production of capsules. Coal gas is equally unsuitable — the cells 
become capsulated, while branched forms are frequent. 

It is thus seen that any deviation from strictly aerobic conditions 
exercises a prejudicial effect on the growth of the organism, but the 
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extent to which these changes proceed appears to be deterniiued bv 
other conditions, such as, for example, those of nutrition. Under com- 
parable aerobic conditions, cultivation on soil extract m a unite agar and 
on soil extract saccharose agar induced a free formation of pre-swarmers, 
blit this occurred to a much less degree on similar media without soil 
extract; soil extract agar without additional source of carbon gave rise 
solelv to small rods. 

Thk Productio?^ of the PrE'Swarmee Stage from Rod S’vagk. 

In our original cultures grown on ^oil extract mannite agar and 
transferred weekly to fresh medium, the organism exists mainly us a 
short actively motile rod long and Ijj, broad, increase of age of 
culture is accompanied by decrease in motility and a marked production 
of mucilage. The cells no longer take the stain .uniformly and densely, 
but exhibit a definite banding of tlieir contents. [Plate 11, figs 3, 5. 
Idate III, figs. 1 , 2, 3j 5.J Soil extract media appear to be especially potent 
ill rapidly inducing these effects. 

Under restricted conditions of aeration the vacuolafiun increases 
until the chromatin substance has become segregated to small particles 
scattered along the ceil. In branched forms the particles are seen at 
the angles and extremities of the arms as well as along the rod. Occasion- 
ally the cells appear to be regularly banded but at other i lines the change 
only gives rise to a reticulate effect. This condition has been previously 
observed by other workers, and Miss Dawson (H) asserted that these 
chromidial particles were simply due to vaciioiation and showed no 
analogy with spore formation. 

In a few instances the formation of chromatin patches and bands 
ha.s followed a definite sequence of division, but usually there is a little 
evidence of a dominant phase. In one case, for example, the initial 
material consisted wdiolly of uniformly staining rods. At the end of 
one hour stained films from this culture showed a predominance of 
colls possessing an achromatic patch distant about one-tblrd of the 
length of the cell from one end. A few" minutes later this patch had 
extended as a band across the cell and half an hour later the larger 
chromatin particle had also divided, producing three eipial granules in 
the cell. Two hours later each of these had again divided, thus producing 
six chromatin bands placed at regular intervals across the rod. As 
already indicated above ]io such definite subdivision is as a rule percep- 
tible, and the chromatin cell contents break up into particles of equal 
size. In small rods the chromatin may be grouped as a central band or as 
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two j)olar bands, while still larger rods may possess as many as fourteen 
4 lensely staining bands. S woollen globular forms have been found to 
exhibit a reticulate segregation with a number of chromatin granules 
scattered about the periphery of the cell (Plate III, fig. fi). Subsequent 
changes appear to proceed in either of two ways. At times the chromatin 
particles become definitely organised cocci wdtbin the rod (Plate IT, 
fig. 3), but usually they remain as bands and only the terminal granules 
become coccoid. The cell w^all may dissolve as a whole, leaving a string 
of ‘"pre-swarmers” having the appearance of streptococci, or it may 
dis.solve locally, similarly permitting of the emergence of a " pre-swarmer.'' 
Hence pre-swarmers arc found to occur as masses, chains or singly. 
They are non-inotile, and stain readily and densely with carbol fuchsin 
and gential violet, Loeffier’s methylene blue, and with Heidenhain’s 
haemutinxyUn. At the moment of libeiation they do not appear suffi- 
ciently well-defined to suggest the possession of a cell wall, nor do they 
show the characteristic behaviour of spores towards the usual stains. 

The original pj'e-sw'armer is small (0-4p. diameter) and stains densely. 
Under favourable conditions it swells to about twice its original diameter; 
it tlien stains less densely, and finally becomes a sw^armer of high motility. 
From this time, and with continued incubation, the usual transition 
through small rods, long rods, to ultimate pre-swarmer formation may 
be induced. The production of pre-swarmers is not limited to normal 
rods. We haveobserved branching bacteroids and large involution forms 
passing through the same changes and eventually giving rise to pre- 
swarmers. 

With the object of ascertaining the relation of these changes to the 
normal process of development and disintegration in the nodule, a num- 
ber of observations have been made on the contents of old bean nodules, 
immediately prior to dissolution. They were invariably black and pulpy 
wuthin, but only those nodules were used whose outer walls were intact. 
Examination of the bacterial slime within the nodule showed most 
organisms to exist as the frequently observed, highly swollen, branched 
and vacuolated “ghost” form (Plate I, fig. 1). Dense masses of chromatin 
WTT’C found within the cells, sometimes as transverse bands and at others 
as a lining to the periphery. The chromatin masses break down into 
pieces of varyijjg size and shape, some having the coccus form resembling 
pre-SAvarmers, while densely staining bacilli w^ere also found. 

In the old nodule of red clover, the “ghost” form is smaller than 
that of the bean, but much of the chromatin leaves the bacteroid in 
the pre-swarmer form. 
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There is thus some indication that the formation of pre-swamiers 
L$ a normal course and is not primarily determined, although it may be 
markedly influenced, by cultural conditions, 

The Influence of Soil Conditions on Pre-Swarm fr 
Formation. 

In view of the pronounced tendency to the formation of pre-.^warmers 
in soil extract media, a number of observations have been made to 
ascertain whether this effect was a positive one, i.e. due to the presence 
of some definite substance or group of substances, or merely negative, 
as the result of a deficiency of nutrient materials. To this end, a number 
of young vigorous cultures of red clover, broad bean, lupin and lucerne 
organisms were taken, all of which showed the bacteria in the normal 
rod form. Soil extracts were prepared by digesting' 30 parts of soil with 
100 parts of distilled w^ater, (a) in the cold, {h) by steaming for one 
half-hour and (c) by heating in the autoclave at lbs. pressure for the 
same period. After this period of digestion, the respective extracts were 
filtered by passage through a Doulton filter candle, placed in separate 
portions of 100 c.c. in Erlenmeyer flasks and sterilised in the autoclave. 
Two controls were introduced, one with distilled water and the other 
being a flask with 30 grms. soil and 100 c.c. water autoclaved, but not 
filtered. In all cases quantities of about 10 c.c. of the respective liquids 
were transferred to strong agar slant cultures, the bacterial mass scraped 
off by means of a sterile platinum needle and the bacterial suspension 
then returned to the flask. 

Examination after various periods gave the foliowdng results: 

Medium After 18 hours After 5 days After 19 days 

Distilled water Pre-s warmers appear 10% pre -a warmers in Number of organisms 
in clover cultures clover, bean and lu- greatly reduced 
pin, Few in lucerne 

Cold Soil Extract „ 23%pre-swarmersin „ 

all cultures 

Extract of Steamed Pre-b warmers appear 50‘^o pre-^^wamiersin „ 

Soil in clover and lupin all cultures 

cultures 

Extract of Auto- Pre-swarmers appear Clover practically all Clover and lupin all 
ciaved Soil in clover cultures pre-swarmers. Bean, pre-swarmerR. Bean 

some pre-swanners. and lucerne about 
Lucerne mostly ,o0% 
small rods 

gins. Soil, Pre-swarmers appear „ „ 

100 c.c. Water in clover, bean and 
lucerne. Lupin 
showed rapid divi- 
sion of long rods 

Joura, of Agric, Sej, x 1 1 
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Transference of an active culture to soil extracts prepared in various 
ways, or to distilled water, thus rapidly leads to pre-swarmer formatioji, 
and this uniformity of result in itself suggests that this efiect is due more 
to deficiency of food substances than to the presence of any substance 
formed by the action of high temperatures on the soil. This is rendered 
more probable by the following experiments. 

(1) The addition of cuUures to non-sferile soil. In this case mass 
irjoculation of non-sterile soil was carried out, the bacterial suspension 
being of such a strength that the nodule organism predominated over 
the other soil organisms and could be readily picked out in film pre- 
parations. 

After four days films were obtained which showed the nodule 
organisms in excess of the other soil forms. All the cells were producing 
pre-swarmeis in large numbers. 

(2) The effect of a cold soil extract on the organism. Since the soil 
extract prepared in series (1) was necessarily of a much lower concentra- 
tion than the soil water, we attempted to prepare an extract of more 
normal strength. In the absence of facilities for the preparation of 
extracts by combined pressure and displacement methods, an extract 
made in the ordinary manner, by digesting 500 grms. soil with 400 c.c. 
of distilled water for 18 hours and filtered through a Doulton candle, 
was concentrated in vacuo at 40° under aseptic conditions to one-fifth 
of its volume, i.e. tq the volume of water originally contained in the 
soil. A culture of the organism was then added to the concentrated 
extract and incubated at 30°. Observations made at regular intervals 
of 12 hours showed a gradual but definite increase of pre-swarmer forms 
from the seventh to the ninety-sixth hour, by which time they formed 
practically the whole of the population. After six days a quantity of 
1-0 per cent, sterile saccharose solution was added to the culture, and 
resulted in the transformation of the organism from the pre-swanner 
to the rod form. These ultimately gave rise to the pre-s warmers and 
were again transformed to rods on the addition of more saccharose. It 
is, therefore, evident that pre-swarmer formation may he attributed 
among other causes to lack of food material. We have, however, a 
certain number of indications not only that lack of air supply tends to 
make for pre-swarmer formation in otherwise suitable media (p, 151), 
but that free aeration exercises the reverse effect, i.e. it appears to 
promote swarmer formation in otherwise unsuitable solutions. 

The possible effect of previous environment on the liability to 
pre-sw’armer formation has been tested by growing strains of the nodule 
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orjianism, previously cultivated on a range of different media, in a soil 
extract known to favour the production of pre- swarm ers. Cultures 
derived from soil extract agar, saccharose agar, raannite agar, and soil 
extract mannite agar, were each transferred to soil extract; after 20 
days all cultures gave rise to extensive pre-swanner formation. 


Thk Kelation op Temperature to Pre-Swarm er Formattox. 

Comparative observations have been made to ascertain how far 
pre-swarmer formation or, on the other hand, persistence of the rod 
form, is affected by temperature. For this purpose eight flasks, each 
containing 30 grms. of field soil and 100 c.c. of distilled water, were 
sterilised in the autoclave and, after inoculation, were incubated at 
different temperatures, viz. 37°, 30°, 25°, and at room temperature. 
After 20 days the cultures showed : 

At 37° — large dense rods with few pre-swarmers. 

„ 30° — smaller dense rods; number of prc-swarmcr greater than at 
37°. 

,, 25° — pre-swarmors dominant. 

,, room temperature — pre-s warmers dominant. 

The Influence op Certain Soil Conditions on the Production 
OF Pre-S warmers. 

In addition to the foregoing results which were obtained by the use 
of Rothamsted garden soil, some further information has been derived 
from an examination of the behaviour of the organism towards a number 
of other soil types. The general method adopted was to sterilise 30 grins, 
of the soil with 100 c.c. of distilled water in a 250 c.c. Erlenmeyer flask. 
Sterile distilled water {5 c.c.) was added to a tube culture of the organism, 
the growth brought into suspension with a platinum needle, and then 
transferred to the flask. The whole was incubated at 30° and observa- 
tions made at intervals. 

Without entering into a detailed account of the various results, it 
may suffice to state that the type of soil and particularly the presence 
or absence of available base appears to exercise a profound effect on 
the form of cell arising under otherwise identical conditions, Definitely 
acid soils lead to the production of involution forms and finally to the 
extinction of the organism. This, of course, is strictly in accordance 
with the known intolerance of the nodule organism of acid conditions. 

11—2 
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Soils with an excess — either small or large — of calcium carbonate 
readily induce the formation of the pre-s warmer from normal rods, and 
this change can also be effected by the addition of calcium or magnesium 
carbonate to acid soils which would normally lead to the production of 
involution forms. 

An interesting case was presented by a light sandy loam from 
Woking, the reaction of which was slightly alkaline to litmus. On the 
addition of a normal culture to this soil, the organisms persisted in the 
form of small and large densely staining rods, whilst no pre-swarmer 
forms were to be observed. In this case also the addition of calcium or 
magnesium carbonate resulted in the conversion of 95 per cent, of the 
cells into the pre-swarm cr stage within the period of seven days. The 
great uniformity with which this change may be induced rather suggests 
the existence of the nodule organism in the pre-swariuer form in normal 
soils. 

An extensioji of these observations, on the effect of soil conditions on 
the predominance of a particular form of the organism, led to an examina- 
tion of a number of soils from the permanent barley plots on Hoos 
Field. The treatment of the different plots includes, as is well known, 
a range of mineral manures with and without the addition of nitrogen 
in the form of sodium nitrate and of ammonium sulphate, while one 
plot receives a dressing of farmyard manure annually in spring. The 
results of these experiments show in the majority of cases a definite 
tendency of the organism towards pre-swarmer formation after a period 
of 14 days, but in the case of the unmanured soil, peculiarly enough, 
the organism remained in the rod form. 


Conversion or Pre-Swarmers into Sw^armer.s. 

In the following two series of tests we attempted to convert the 
pre-swarmcr into the swarmer, in contradistinction to the earlier 
experiments, where attention was specially paid to the converse change. 
It was necessary, therefore, to induce the pre-swarmer stage before any 
of the test substances were supplied. This was done by previous cultiva- 
tion in sterilised garden soil and distilled water containing 1-0 per cent, 
calcium carbonate, and when about 95 per cent, of the organisms 
were in the pre-swarmer stage, the compounds were added as sterile 
solutions. 
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Subsequent observations showed the following: 


Compound added to control 

Control (soil extract) 

0- 1 % Sodium nitrate 

,, Calcium nitrate 
„ Ammonium sulphate 

Asparagin 

„ Peptone 

„ Sodium chloride 
„ Potassium sulphate 
„ Calcium sulphate ... 

Magnesium sulphate 
„ Manganese sulpliate 
„ Ferric chloride* 

„ Di -potassium phosphate .. 

„ Mono- potassium pliosphate 

„ Calcium phosphate 


Form of organism 

After 1 day After 7 days 

Pi-e-swarmcrg dominant Pre-s warmers dominant 


,, . Few B warmers, Fre- 

swariners dominant 
,, Increase of swarm ers, Pre 

swarmers dominant 
Small rods (dense) .Small rods (dense) 


* This substance allows of only a poor growth of the organism. 


The addition of all the inorganic and organic sources of nitrogen 
and of the majority of the mineral salts is thus shown to be ineffective 
as a means of inducing the production of swarmers. The phosphates 
behave differently, however, and the effect of calcium phosphate, 
although at present inexplicable, might possibly constitute a secondary 
factor in the known response of leguminous crops to phosphatic manures. 

The second series consisted in a similar comparison of the values of 
<1 number of higher alcohols and sugars, all of which wtere supplied in a 
concentration of 0-01 per cent. For convenience of comparison the 
compounds have been arranged in two groups according to their value 
for bringing about the desired change of the pre-swarmer to the swarmer. 
Furthermore, it should be borne in mind that three grades of action are 
possible. In the first, particularly suitable compounds rapidly induce 
the production of swarmers and later of normal rods, but with exhaustion 
of the carbon source there occurs a coTrespondingly early passage to 
the pre-swarmer stage. The second is that effected by less suitable 
compounds which, within a prescribed period, only slowly conyerts 
the pre-swarmers to swarmers and rods, The third grade gives purely 
negative results; it is seen when the compound is unsuitable for the 
growth of the organism. The results are given in the following table: 
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Form of organism 


ComfKMmd tesUU 

Initial stage 

After 4 days 

After 28 days 

Ammonium tartrate 

Pre- swarm ers 

Korls: swarraera domi- 
nant 

Pre-swarmers dominant 

Maniiitc ... 



ywarmers dominant 

Hraall rods dominant 

Maltose 



f:>w^armers and rods 

Pre-swarmers 

[.actosc 





Dextrose 



HmalL rods 

„ 

Raffmose ... 




Pre-swarmers dominant 

>Saccharo!iC 



Dense, rods 

All pre-swarmera 

Glycerine ... 



Pre-s warmers dominant 

Hmall rods dominant 

Laevulow; ... 




Swarmers dominant 

Galactose ... 





Arabinoae ... 




Pre-swarmers dominant 

iStarcli 





Tnulin 





Dextrose . . . 






The detenniiiin^' iiiHutMice of carbohydrate supply on the form 
assumed by the organism is well illustrated by an experiment in which 
successiv^c small doses of saccharose were supplied to a culture of the 
organism. In this manner it was possible to convert a pre-s warmer 
vegetation to one of dense rods and, from the alternate supply and 
exhaustion of the sugars, the numbers of either form could be well 
represented by an asymptotic curve. 

It has already been shown that the addition of calcium carbonate to 
a soil containing the organism in the rod form, leads to a conversion to 
the pre-swanner stage. This is likewise the cavse when excess of calcium 
carbonate is added to a saccharose medium containing the organism 
in the swarmer stage: 


(1) Moil flask 

(M% Saceli arose 

(dense 
( rods 


Saceharo.se 

( den, sc 


■■ i0'01”o CaCOa 

\ rods 

(3) 

fO-1% Saccharose 

... (highly vac uol ated 

10-l%CaCOa 

(rods producing pre-swarmers. 

( 4 ) 

fO-1% Saccharose 

(many free pre-swarmers: 

iO-o%CaCOs 

[greater vaciiolation of rods. 


These experiments demonstrate that the following factors influence 
the formation of the pre-swarmer stage: 

(1) Lack of available organic food material. 

(2) The presence of excess of calcium carbonate. 
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Soil Conditions favourable to the Conversion of Pre-Swarmers 
TO S warmers. 

The conversion of pre-swarmers into swarniers is effected not only 
bv the pure substances referred to in the above tables, but by other 
substances commonly present in the soil. It is facilitated by horse 
manure, straw and plant residues. Aqueous extracts were used in all 


cases and, as before, the organisms were initially in 
stage. The results are given in the following table: 

Form of organism 

the pre-swarmer 

yubstance tested 

After 2 days 

After 7 days 

After 28 days 

Horse manure extract 

All rods 

All rods 

Some pre-swarmers 
present 

Straw extract 

Rods dominant 

Rods doniimmt 

Some pre-swarmers 
present 

Horse faeces extract 

A few rods pn'sciit 

Pre-swarmers 

dominant 

Pre-swarmers 

dominant 

Bean root extract 

Rods dominant 

Rods dominant 

Rods dominant 

(Clover root extract 




Lucerne root extract 



>> 

Vetch root extract 


Pre-s warmers 
dominant 

Pre swarmerg 
dominant 


Thus it appears that certain, if slight, differences exist in the nutritive 
value of tlie various extracts tested. Those prepared from the legume 
roots bring about a continued growth of the organism in the rod form ; 
dung and straw extracts are less effective in this direction, whilst 
horse faeces extract is almost without action. 

The up-grade and dow'n-gradc changes in the form of the nodule 
organism deserve attention on account of their bearing on field problems. 
Excess of calcium or magnesium carbonates in the soil makes for rapid 
pre-swarmer production and consequently provides the be.st starting 
point for a strong growth of cells capable of infecting the host plant. 
The effect of phosphates in converting pre-swarmers into s warmers 
might also be expected to facilitate infection. The importance of a 
proper supply of phospliate.s for the growth of leguminous crops is 
well recognised and may be due, in part, to some biological change to 
which it gives rise. On the other hand, there has been some difficulty, 
in the past, in reconciling theoretical conceptions of the necessary 
nianurial treatment of leguminous crops with agricultural practice, since 
the application of farmyard manure has long been, and still is, believed 
to be of great value in the cultivation of legumes (E. J. Kussell(i5)). 
The results obtained in our experiments provide an explanation that 
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would quite well meet such cases. Finally, a considerable amount of 
experimental work has consisted in a comparison of the relative value 
of inoculating by means of pure cultures, as against that by means of 
soil. The general results obtained in this direction have almost invariably 
shown the superiority of the latter method. Although this is, no doubt, 
due in part to the lack of virulence in some of the cultures used, some of 
the effect might well be attributed to the form in which the organism 
was presented to the plant. Our investigations show that soil is instru- 
mental in the formation of the pre-swarmer form, and this form might 
well be expected to make for an earlier or more effective infection of the 
plant. Inve.stigations on the relative efficiency of the different forms 
in infecting the plant are still in progress. 


SUMMARY. 

It is shown in the preceding pages that under certain cultural 
conditions the nodule organism from the roots of red clover, broad 
bean, lucerne and lupin exhibits a tendency towards granular disintegra- 
tion of the. cell with the formation of small non- motile coccoid bodies, 
about 0-4p diameter. 

In tbe cultures ordinaiWy m use these coccoid bodies ate not, iotmed 
extensively, but cultivation on soil extract media rapidly leads to their 
production, until finally they constitute the predominant type in the 
culture. 

A life cycle consisting of five stages is described: 

(1) The 'pre-simrmer farm {nou-7mtile). When a culture of the 
organism is placed in a neutral soil solution, it is converted after four 
or five days into the pre-swarmer form. 

(2) Second sfaeje, larger nommotile coccus. In presence of saccharose, 
certain other carbohydrates, and phosphates, etc., the pre-swarmers 
undergo a change. The original coccoid pre-swarmer increases in size 
until its diameter has been doubled, but still remains a non-motile 
coccus. 

(3) Swarmer stuf/e, mofite. The cell then becomes ellipsoidal and 
develops high motilit)'. This form is the well-known “swarmer” of 
Beijerinck. 

(4) Rod-fonu. Proceeding in an “up-grade” direction, the swarmer 
becomes elongated and gives rise to a rod-form, which is still motile but 
decreasingly so. 8o long as there is sufficient available carbohydrate 
in the medium, the organism remains in this form. 
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(5) Vtieuolated stage. When, however, the organism is placed in a 
neutral soil extract or the available carbohydrate becomes exhausted, 
it becomes highly vacuolated and the chromatin divides into a number 
of bands. Finally these bands become rounded off and escape from the 
md as the coceoid pre-swarmer, 1 (see Fig. 1). 

The formation of the coccoid bodies (pre-swarmers) may also bo 
induced by the addition of calcium or magnesium carbonates to the 
medium or by placing the organisms under anaerobic conditions. Of a 
considerable number of compounds other than carbohydrates, calcium 
])hosphate alone was capable of bringing about the change from pre- 
swarmers to rods. 

The organism also appears to be affected greatly by The reaction of 
the soil. In tbe main, the normal rod rapidly changes into the pre- 
swarmer form in calcareous soils; acid soils cause the production of 
highly vacuolated cells and eventually kill the organism, while a slightly 
alkaline soil was found to be capable of supporting vigorous growth 
without altering the form of the cells. 

The effect of various temperatures on the rapidity of pre-swarmer 
formation has been studied. Relatively high temperatures and 37^) 
cither prevent or postpone the entrance of down-grade changes. 
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KEY TO PLATES. 

PLATE I. 

Fig. L Old nudule of the Broad Bean, showing ghost forma ami free ehro matin masses. 
Fig. 2. Red Clover organism in pre -swarm er stage. 

Fig. 3. Red Clover organism. Pre-swarmers transferred to fresh medium. Type of 
rod after 24 hrs. 

Fig. 4. After 72 hrs. on fresh medinm. 

Fig. 0. ,, fh) ,, ,, 

Fig. 6. ,» 72 „ „ Showing all stages from Figs. 2 to 5. 


PLATE II. 

Fig. 1. Red ('lover organism after seven days in atmosphere of oxygen; the position 
of the chromatin bands indicating rapid ceil division. 

Fig. 2, Red Clover organism after five days in atmosphere of nitrogen showing 
inereased vacuolation of rods. 

Fig. 3. Red Clover organism after seven days in atmosphere of nitrogen showing still 
higher vacuolation. 

Fig. 4. Red Clover organism after nine days in atmosphere of nitrogen. The pre- 
swarmers have left the rods and are free in the medium. 

Fig. 5. Red Clover organism after nine days in atmosphere of nitrogen. A typical 
culture showing highly vaenolated rods with segregated chromatin. The pre-swarmers 
can be se{m within the rods; also free in the medium. 


PLATE III. 

higs. 1 and 2. Lupin organism after seven days in soil water showing pre-sw’armcr 
production. 

Fig. 3. Lupin organism after seven days in atmosphere of nitrogen. 

Figs. 4 and 0. Lupin organism after nine days in soil water. 

Fig. 3. Lupin organism involution form showing segregation of the chromatm and 
pre-swarmer production. 


{Received 17 tk November 1919 .) 
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THE MECHANISM OF THE DECOMPOSITION OF 
CYANAMIDE IN THE SOIL. 

By G. a. COWIE. 

{Rothaimted Experimental Station^ Harpenden.) 

(With Five text-figures.) 

A PREVIOUS investigatioji by the writer (i) showed that eyanarnide readily 
breaks down, yielding ammonia in normal clay and sandy soils. The 
evidence, however, threw no light upon the cause or nature of this 
change. This question was accordingly reserved for a later investigation. 
The concensus of the available evidence indicated that the production 
of ammonia from cyanamide in the soil is due to direct bacterial action. 
This view was held by Immendorff (2) and Kappen(3), who concluded 
that in poor soils of low bacterial activities cyanamide is not converted 
into ammonia but is chemically transformed into dicyanodiamide. 
rjohni8(4) at first accounted in a similar way for the formation of ammonia 
from cyanamide in the soil. He (5) assumed later, however, tliat cyana- 
mide is normally decomposed by soil colloids into urea or possibly some 
other substances, and the latter are then converted into ammonia by 
the soil organisms. He adduced no direct evidence of the production of 
urea from cyanamide in the soil. 

Ulpiani(6) regarded the formation of ammonia as primarily due to 
a purely chemical, not a bacterial, change. He had formerly considered 
that cyanamide changed into dicyanodiamide in the soil and its value a.s 
a fertiliser depended on this change, an opinion also held by Perotbi(7). 

Ulpiani’s later work, however, led him to the view that cyanamide 
breaks down by a purely chemical change to urea which then is con- 
verted into ammonia. The formation of urea was attributed to the soil 
colloids. This work was done in culture solutions of various concentra- 
tions and at various temperatures. 

Our experiments were made in soil under natural conditions, using 
amounts of cyanamide comparable with those used in practise. Our 
results agree with those of Ulpiani. 



1 ()4 Decomposition of Vyanamide in the Soil 

Our experiments have consistently failed to show any appreciable 
amount of ammonia resulting from the decomposition of cyanamide in 
sterile soils (heated to 120^ C. or 135^0.). The addition of the urease 
r)f soya- bean, however, produced considerable amounts of ammonia in 
these soils. This pointed to the presence of urea, which was later con- 
firmed by the extraction of the soils by alcohol and identification of 
urea in the extract by the urea- nitrate test. Further experiments more- 
over demonstrated that urea actually remains stable in soils heated to 
12U'’C. The addition of cyanamide to sterile soils thus leads to an 
accunuiiation of urea, which persists as such in consequence of the 
suppression of the necessary urea decomposing organisms. 

In a similar u ay the addition of cyanamide to soils heated to 100^ C. 
does not lead to an immediate production of ammonia. It forthwith 
yields urea, however, which then decomposes into ammonia after the 
let'overy of the appropriate organisms. 

The evidence shows, on the other hand, a rapid and progre.s.sive 
production of ammonia arising from the decomposition of cyanamide 
in un heated normal clay and sandy soils. Careful examination of these 
soils, liowever, revealed in the initial period.s the presence of appreciable 
amounts of urea. This indicates that urea produced by tbe decomposition 
of cyanamide also accumulated to some extent under normal conditions. 

The cumulative evidence thus leads to the conclusion that cyanamide 
in the soil i.s normally converted by a purely chemical process into urea 
and this change is not dependent on the activity of micro-organisms. 
The urea is then broken down to ammonia by a change which, as the 
( luves indicate, is produced by soil organisms. Cyanamide appears to 
behave in this way in both clay and sandy soils, but the decomposition 
seems to be Jnore rapid in tlie former than in the latter. The experiments 
have conclusively shown that cyanamide does not decompose into urea 
in ordinary impure quartz sand; whatever the decomposing agent may 
be it is not present in pure sand. 

Cyanamide does not appear to break down in the manner above 
indicated in peat and fen soils; in these it gives rise to a relatively small 
production of urea binder normal conditions. 

The investigation has not revealed the exact nature of the decom- 
posing agent in the soil. It is interesting to note, however, that a sample 
of Thanet sand taken from a boring through the London Clay near 
Chelmsford w'as found even after ignition to be active in decomposing 
cyanamide into \irea. This particular sand (S) has been shown to contain 
a constituent resembling a zeolite in being reactive and possessing the 
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property of softening hard water by the substitution of sodium salts 
and possibly potassium for those of calcium and magnesium, tn following 
up this clue it was found that the addition of a definite zeolite prehnitc 
to ordinary inert sand produces a mixture capable of converting cyana- 
mide into urea. 

EXPERIMENTAL. 

The cyanamide was used in the form of fresh nitrolim in wliich the 
Ciilciuni cyanamide had undergone practically no change. The bulk of 
the soil to he used was first thoroughly mixed together and its moisture 
content raised, where necessary, to 12 to 15 per cent, according to its 
water capacity. The soil was next passed through a 3 mm. sieve, weighed 
(Hit into lots of 200 grams which were then transferred to wideunouthed 
bottles of 10 oz. capacity, a fresh bottle being taken for each deter- 
mi nation at the end of the various periods. The application of the 
evanamide to the soils was made in the following manner. 

in the case of unheated soils the weighed quantity of cyanamide 
was sprinkled on to the 200 grams of soil previously spread out on a 
sheet of paper; the whole was then mixed and replaced in the bottles, 
which were plugged with cotton-wool. 

In the case of the heated soils this procedure might have led to 
reinfection, and therefore the bottles containing soil. etc. were first 
plugged with cotton-wool and then heated for the proper period at the 
requisite temperature. After cooling, the cyanamide was carefully and 
rapidly introduced into the bottles from small glass tubes, in which the 
cyanamide itself had been heated for the same time at the same tejn- 
perature in the air-oven. Tests showed that heating under these con- 
ditions produced no chemical change in the cyanamide. After careful 
replugging to avoid reinfection the bottles were vigorously sliaken for 
some considerable time to ensure an adequate mixing of the cyanamide 
with the soils. 

In no case did heating cause a loss of more than 2 per cent, moisture 
in the soils. All bottles were then kept in a dark cellar at the ordinary 
laboratory temperature. 

In order to inhibit the nitrification of ammonia produced from 
cyanamide, a small amount of dicyanodiamide, equivalent to thirty 
parts N per million dry soil, wma added with the cyanamide, A previous 
investigation showed conclusively that dicyanodiamide does not give 
rise to ammonia or affect appreciably the production of ammonia from 
cyanamide. 
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Decomposition of Cyanamide in the Soil 


Thk Stacks in the Production or Ammonia prom 
Cyanamide in Soils. 

Kx peri men ts were made to determine the relative rates of ammonia 
jjroduction from cyanainide in untreated soils and the same soils after 
heating for one half hour in the autoclave at 120'^ C. Both the heavv 
Kothamsted and the light Woburn soils were used. Tho results (plotteiJ 
in Kig. 1 and given in Table I) show a rapid and progressive production 
of ammonia from cyanamide in the iinsterilised soils, but they afford 
little evidence of ammonia resulting from the decomposition of cyana- 
niide in the .sterilised soils. 



Ki;:. 1. .Showing relative rates of ammonia production from cyanamide 
in unhcatccl s(.»ilij and soils heated to 120°C. 


Although the sterilised soils showed little trace of ammonia pro- 
duction from cyanamide, there was the possibility that the decomposition 
had stopped at some intermediate stage. On chemical grounds the 
most probable stage seemed to be the formation of urea. Examination 
for this substance was therefore made in soil which had been stored 
for 20 days or more, the urease of the soya-bean being used as the testing 
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agent. Takeuchi(9) and also Armstrong and Horton (lO) have shown 
this enzyme is quite specific in its action, decomposing urea only, and 
nothing else so far as is known. The soils were accordingly treated with 

Table I. 

Ammonia produced from Cyanamide in 

X ])i\' 8 ent as NH 3 per imllinn dry soil 
Rotliamsted Woburn 

Control at start 4-0 Control at start 2-b 



After 

After 

After 

After 

After 

After 

After 

After 

After 

After 


1 

3 


U) 

20 

1 

3 


11 ) 

20 

Treatment 

day 

days 

days 

days 

days 

day 

days 

days 

days 

days 

Controt 

4-0 

3-4 

4-0 

0-7 

(5-7 

2 -b 

1-9 

2-0 

5-2 

.">•2 

- Cyanamide 44*5 

82-.3 

90-3 

97-1 

97-1 

22 -(J 

55-0 

87-8 

98-2 

100 

Heated soil 
{ 120 ' C.) 

9-3 

19-9 

23-9 

25'2 

25-2 

7-7 

7-.7 

191 

17-9 

21-7 

+ Oyanainide 

14-0 

14-(> 

29-2 

31-9 

30-O 

12-8 

140 

23-0 

2r)-r> 

20-8 


Cyanamide N added — 100 parts per millirm dry soil. 

well-powdered soya-bean and incubated at 35-40^0., the optimum 
temperature for the enzyme. The ammonia was then determined in 
the nsual way. The results were as follows; 

Table TI. 

Ammonia produced from Cyanamide in Sterilised Soils after 
addition of Soya-hean. 

Treatment N present as XHj per million dry soil 



Rothamsted 

Woburn 

Heated soil ... ... 

23-0 

21-7 

+ soya- bean 

2 (i -2 

2()-0 

-t oyanamidc -e soya-bean* 

104-3 

58-4 

Heated soil + cyanamide (no soy a- bean) 

27 0 

181 


Cyanamide N added -- 100 parts jfer million dry soil. 


* The mixture of heated soil and cyanamide had previously been stored for 20 days. 

The addition of soya-bean thus resulted in a considerable production 
of ammonia in the sterilised soils treated with cyanamide. Further 
tests showed that the soya-bean does not produce any appreciable 
amount of ammonia direct from cyanamide. 

The evidence thus indicated that the origin of the ammonia produced 
by soya-bean in the sterile soils was an accumulation of urea derived 
from cyanamide. 
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Table IIL 

Son-Jormalion of Ammonia by Action of Soya-bean on Cyananiide. 

N present as NHj per 
rniiliun dry soil 

Treatment Rothamsted 

Sterilised soil + soya-bean ... ... ... ... ... 26*2 

ditto ditto + cyanamide (freshly added) ... d4-7 

Cyanamide N added ~ 100 parts per million dry soiL 

Tests were subsequently made to ascertain whether urea does actually 
remain stable in similarly heated soils. Another set of soils was therefore 
made up containing urea in place of cyanamide; the quantity of added 
nitrogen, however, being the same. In these soils urea and ammonia 
were both determined after an interval of 20 days; only a small de- 
corn positioti of urea into ammonia took place under these conditions. 



Hg. 2. Showing relative rates of ammonia production from cyanamide 
in unheated soils and soils heated to 100“ C. 


In order to confirm the production of urea from cyanamide in the 
sterilised soils, the latter were extracted with 90 per cent, alcohol and 
the solution evaporated to dryness in vacuo. The crystals thus obtained 
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were shown to include urea by means of the urea nitrate test. The 
application of the same test to a similar extract from the control soils 
.»ave negative results. 

Table IV. 

Stability of Urea in Sterilised Soils. 

N present as NHg per million dry soil after iO days. 

Heated soil 14^ i! 

ditto +nrea iO‘7 

ditto 4 Boya-tcan 22 0 

ditto ditto +urca lla-O 

Urea N added = 100 parts per million dry soil. 

The above evidence indicates that cyan amide in the soil decomposes 
into urea which is then converted into ammonia by the soil organisms. 
The suppression of the organisms in sterilised soils, therefore, leads to 
a persisting accumulation of urea from cyanamide. 

These conclusions were further confirmed by the behaviour of cyana- 
mide in partially sterilised soils or those heated for half an hour at 
1 tK)° C. In this case the production of ammonia was practically suspended 
for several days, after which it proceeded. The results arc plotted in 
Fig. 2 and given in Table V. 

Table V. 

Ammonia produced fro7n Cyanamide in parfiaUy Sterilised Soils. 

N present as NH3 per million dry soil 
Rothamsted at start 5-2 Woburn at start 2-5 



After 

After 

After 

After 

After 

After 

After 

After 

After 

After 

T reat ment 

1 

2 

5 

10 

20 

1 

2 

5 

10 

20 


day 

days 

days 

days 

days 

day 

days 

days 

days 

days 

Control 

5-2 

6-2 

5-2 

3-9 

3-9 

2-5 

2'7 

2-5 

2-6 

2-.^ 

1 cyanamide 

470 

69-9 

80-5 

871 

9o'6 

202 

52*2 

7o-7 

78-1 

88-3 

Heated soil 
(100° C.) 

90 

90 

90 

90 

35-6 

60 

60 

6-4 

6-4 

12-3 

+ cyanamide 

11‘6 

10-3 

10-3 

14-2 

95-0 

8'9 

7-5 

87 

11-2 

377 


Cyanamide N added = 100 pa rts per million dry soil. 

Table VI. 

Formation of Urea from Cyanamide in parfiallij Sferilised Soils. 

Treatment N present as NH^ per million dry soil 

Rolhumsted Woburn 

Heated soil ( 1 00° C. ) 4 - cyanamide U ■ 6 7-8 

I>itto*-|-Boya-beaii 04-9 34-2 

Cyanamide N added = 100 parts per million dry soil. 

* By “ditto” is to be understood in each case the mixture used in the line above. 
Journ. of Agrio, Soi. x 12 
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In the fii*st 10 days the addition of cyanamidc resulted in but a small 
production of ammonia in the heated soils. Treatment of these soils 
with soya-bean, however, produced a considerable amount of ammonia 
at the end of the ith. day. 

The above results thus show that cyanamidc in the soil heated to 
lOO'^C. first decomposes to urea which subsequently changes into 
ammonia. The results further indicated that this subsequimt change is 
biological because it is almost wholly suspended during the first 10 days, 
after which it becomes much more rapid. 

Table VII. 

Prodiidion of Urea and Ammonia from Oyammide in Unhealed Soils. 

N present as NIlj per million dry soil, 
ilothamsted, at start 2-6 Wobnm, at start 1-8 -Folkestone, at start 13-6 

• After After After After After After After After After After After After 
'I'realmcut 1 2 5 10 1 25 10 125 10 

day days days days day days days days day days days davs 

Control + 

soya-bean 19-7 19-7 19-7 190 15’2 13'7 13'2 15'2 20-0 2(5 0 2G'5 32'2 
])itto-fC 5 ^an- 

aiTiide 93-2 100-4 1130 112-8 46-9 89-0 108-0 1080 43-4 57-0 74-4 122-0 

l)i (Terence = 


rates of Urea 


production 

73-5 

80-7 

93-3 

93-8 

31-7 

73-3 

92-8 

92-8 

17-4 

31-0 

47-9 

90-4 

Cuiitrol 

3-9 

3-9 

30 

2-6 

1-8 

1-8 

2 0 

1-8 

13-6 

13-6 

136 

18-6 

-!- cyanaraide 
Diflcrcnce = 

57-8 

76-2 

97-2 

97-2 

29-2 

58-4 

83-8 

90-2 

14-8 

17-3 

52-1 

106-6 

rates of 













ammonia 













production 

53-9 

72-3 

94-2 

94*6 

27-4 

56-6 

81-8 

88-4 

1<2 

3-7 

38 5 

88-(l 


Woburn Methwold Leighton Biiz7,ard 

Sandy loam Sandy soil Ordinary sund 

Control at start 1-9 Control at start 12-4 Control at start 1-3 


After After After Afier After After After After After 


Treatment 

2 

5 

15 

2 


15 

2 

5 

15 


days 

days 

days 

days 

days 

days 

days 

flays 

days 

Control -t- soya- bean 

12-7 

12-7 

1.5-2 

26-0 

26-0 

26-0 

141 

14-1 

14-5 

Ditto -f cj'anaraide 

95-3 

107-9 

108-0 

63-2 

110-3 

117-8 

192 

19-2 

19-7 

Control 

1-9 

1-7 

1-8 

12-4 

12-4 

12-9 

13 

1-3 

1-3 

Tcyanarnido 

57-0 

83-8 

90-2 

50-7 

95-4 

107-9 

5-0 

51 

5-1 


Cyanamidc N added = 100 parts per uiilUoii dry matter. 


The final step was to ascertain whether the change proceeded in the 
same manner in ordinary unheated soils. The figures in Table VII show 
that this is the case. The soils used were from Kothamsted (Clay-with- 
flints), Woburn {Lower greensand), a poor heath sand uncultivated, 
from Blackheath, Surrey (Folkestone beds of the Lower greensand 

12—2 
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formation), the very light sandy soil from Methwold, Norfolk; and sand 
from a sand pit at Leighton Buzzard, Beds {Lower greensand). The 
results are given in Table VII and plotted in Figs. 3 and 4. 

The cumulative evidence thus leads to the conclusion that cyanamide 
in these soils is decomposed by a purely chemical process into urea, and 
the latter is subsequently converted into ammonia by the soil organisms. 
There is at first an accumulation of urea even in the unheated soils and 
a very marked accumulation in the heated soils. Cyanamide appears 
to undergo the same change in both clay and sandy soils, even in a soil 
containing no more than 0*9 per cent, clay, as in tlie Folkestone sand 
soils. In the sand from the sand pit, however, there is no formation of 
cither urea nr ammonia from cyanamide. The decomposition is the moro, 
rapid in the soils containing the larger proportion of clay. The greater 
persistence of the urea in the poor uncultivated Folkestone sand, as 
compared with the cultivated Rothamsted and Woburn soilsf is both 
interesting and significant. 

Soils in which the Formation of Urea from Cyanamide does not 

TAKE PLACE. 

In Table VII it is shown that the formation of urea from cyanamide 
does not take place in sand from a sand pit. Table VIII shows that the 
action likewise does not occur in peat and fen soils. 

Table VIII. 

Non-Jormalioyi of Urea from Cyanamide in Peat and Fen Soih. 

N present aa NH, per million ijry soil. 



Dartmoor Peat 

Control at start lo-H 

Cambridge Fen 
Control at start 4*7 


After 

After 

After 

After 

After After 

Trearment 

2 

5 

15 

2 

5 15 


days 

days 

days 

days 

days days 

Control + soya -bean 

21-8 

21-8 

46-9 

9-5 

9*5 9*0 

Ditto + cyanamide 

u7‘5 

53-2 

72-0 

271 

27-0 27-5 


Cyanamide N added - 100 parts per million dry soil. 


The Mechanism of the Production of Urea from Cyanamide in Soil. 

Further investigation showed that the decomposition of cyanamide 
into urea still proceeded in a soil previously lieated as high as 135° C. 
for half an hour in the autoclave. It is evident therefore that the action 
is not brought about by living organisms or by an enzyme decomposable 
— as most enzymes are — at 135° C. 
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Table IX, 

Pfoduclion of Urea from Cyanamide in soil heated to 135° C. 

N present as NH3 per million dry soil. After 10 days. 


Heated soil (135° C.) 13-8 

+ soya-bean i27-0 

Ditto -f cyanamide lOl-S 

Heated soil -!-cyaimuiide IH-S 


Cyanamide N added =100 parts per million dry soil. 

Tbe change was found to occur in a sample of Thanel, sand taken 
from a boring through the London Clay at Broomfield in Essex. 


Table X. 

• Production of Urea from Cyanamide in Thanei Sand, 
{a) Unignited material. 

N present as NHj per million dry sand. Control at start 19-8. 


Treatment 

After 1 day 

After 2 days 

After 5 d 

Control + soya-bean 

310 

301 

310 

Ditto + cyanamide 

97-9 

100-6 

133-8 

Control 

19-5 

19-8 

19-9 

-f cyanamide 

19-8 

19-8 

37-2 


Cyanamide N added = 100 parts per million dry sand. 


(6) Ignited Thanet Sand. 

* N present as NH^ per million dry sand. 

Treatment After 1 day After 3 days 

Ignited Thanet sand + soya-bean ... 45-8 4.) 0 

Ditto + cyanamide 84-5 108T 

Cyanamide N added = 100 parts per million dry sand. 

The Thanet sand was then ignited at a dull red heat but it still 
remained active in decomposing cyanamide into urea (iable X and 
Fig. 5). It appears therefore that the decomposing agent, in this case 
at any rate, is inorganic in its nature. This Thanet sand possessed the 
property of softening hard water by the substitution of sodium and 
possibly potassium salts for calcium. Presumabh' therefore it contained 
a constituent resembling a zeolite in being reactive. A definite zeolite, 
viz. prehnite, was t^ierefore tested and when added to inert quartz sand 
it gave a mixture capable of converting cyanamide into urea. Table XI 
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shows the extent to which action had proceeded after 5 days. Further 
investigation promises very interesting results; this is being carried out 
in the Kothamsted laboratories by Mr A. G. Pollard. 



1 2 5 days 

Fig. n. Showing rolative rates of urea and ammonia formation 
from cyanamide in Thanet sand. 


Table XI. 

Product ion of Urea from Cyanamide in a Mixftire of Inert Sa7id 
and a Zeolite [Prehnitef 


N present aa NHa per 
million dry matter 

Treatment After S days 

Inert sand + prehnite 1‘2 

Inert sand + prehnite + soya.bean Il-l 

Inert sand +prebnite + cyanamide +snya*bean ... 39-6 

Inert sand + prehnjte + cyanamide ... 4-9 


Finely ground prehnite added =9 per cent, of mixture, 
Cyanamide nitrogen added =: 100 parts per million dry matter, 
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The Determination of Ammonia in the Soil. 

The ammonia in the soil was determined by the aeration method 
used in the previous investigation and shown to produce no appreciable 
formation of ammonia by hydrolysis from cyanamide. A stronger current 
of air, however, was used whereby it was found possible to recover, >Yith 
satisfactorily concordant duplicates, approximatel)' 95 per cent, of any 
added ammonia in the soil. Average results of repeated tests were; 

N tnkled=:100 parts per iiiiltiou dry aoil, 

N recovered per millkm dry soil 
Rutliamstcd Woburn 

Soil alone 3-2 1'3 

Soil and ammonium sulphate ... ... UHd . !)!) I 

The Determination ok Urea in the Soil. 

The amounts of urea in the soil were determined by the use. of the 
urease of the soya- bean. Prior to estimating the aiiHiionia by the aera tion 
method the soil was treated with well-powdered soya-bean, using 1 gram 
of the latter to 25 grams of the fresh soil. After thorough mixing the 
whole was incubated at 35° 0.-40° C. for one hour, and then aerated 
after cooling for the determination of the ammonia. Repeated te.sts 
showed that approximately 90 per cent, of the urea added to a steiilc soil 
or sand could be recovered as ammonia. A^'ration caused no appreciable 
decomposition of the urea. As a small amount of ammonia was evolved 
by the soya-bean, a control experiment with soya-bean and soil was 
carried out in each case. Typical results were: 

N recovered as NH;, i)er 


Treatment 

million 

Sterile soil 

dry soil 

Sand 

Control 

14-2 

L3 

Ditto +8oyo-be.!iii 

22-0 

U-1 

Ditto ditto cyanamide (100 parts nitrogen) 

115T> 

i()2-0 

Control + urea ( 100 parts nitrogen) (no soya-bean ) 

20*7 

3-S 


'the added urea contained 100 parts of nitrogen as also did the addinl cj aniuinde. 
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A NOTE ON THE SHERAQI SOILS OF EGYPT. 

A STUDY IN PARTIAL STERILISATION. 

By JAMES ARTHUR PRESCOTT. 

{Sultaniek Agricultural Society, Cairo, Egypt,) 

(With One text-figure.) 

In a previous communication^ attention was called to the possibilities 
of partial sterilisation under field conditions in the case of the suniiner 
fallow of Egyptian agriculture. 

This fallow period or “sberaqi"’ is particularly characteristic of the 
basin system of agriculture during the interval between the harvest of 
the winter crop and the Nile flood, but it is also common under perennial 
conditions of irrigation after the winter crops. 

The conditions may be stated simply as extreme dryness with rela- 
tively high temperatures. Besides checking the bacteriological activity 
of the soil, this causes the soil to shrink and to crack to a considerable 
depth and this cracking probably plays an important part in the main- 
tenance of the tractability of the heavy soils of the Nile valley. In the 
writer’s gardening experience the effect is very similar to that exerted 
by a severe frost under English conditions of farming. 

According to V. M. Mosseri^ this cracking is probably fundamental 
in the maintenance of the fertility of the soils of the Nile valley under 
the classical system of Egyptian farming because it prevents the 
accumulation of salts and allows of perfect aeration with probably further 
chemical and physical effects. This author has shown that salts con- 
centrate on the outside of the lumps of soil and arc hence easily washed 
away by the irrigation or flood water. The cracks permit the access of 
air to relatively great depths of the soil. 

It is not intended in this paper to discuss this undoubted important 
physical effect of the sheraqi period, but to place on record some of the 
data obtained in 1918 and 1919 relating to the biological aspect of the 
question. 

^ This Jwmul, 1919, ix. 216. 

* Bulletin de VInstitut Egyptien, 1909, “Le draintiffo (;n Kj^ypte.” A fiii-ther com- 
municatiou on this subject by V. M. Mosseri and C. Aiidubfuii is in preparation. 
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E. J. Kussell and H. B. Hutchinson^ suggest that drought or pro- 
ioi»ged heating at 40"" C. have very similar effects on the soil as the 
treatnierit by heating at higher temperatures or by means of volatile 
antiseptics. 

This partial sterilisation of the soils is followed by an increased 
bactcrioIf)gical activity and it was of special interest to obtain some 
]>ositivo evidence (jf this phenomenon in the case of these Egyptian soils, 

FIELD CONDITIO.XvS- 

Tlie photograph of the Zenar Basin at Assiut illustrates the character- 
istic effect of the sheraqi period on these soils. 

At the beginning of the summer fallow the moisture content may he 
fairly liigh, up to 16 per cent., but this rapidl)rtalls to about 5 per cent. 



ZtMiar Basin, Assiut, August 191 S. 

The temperature down to 10 cm. approaches 40° C. daily. The fob 
lowing Table I illustrates characteristic temperature conditions for one 
day in June 1919. 


’ E, J. Russell and H. B, Hutchinson. This Journal, 1913, v. 
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. Tabic I. 

Temperature conditions of Sheraqi soil. Bahtim, June 'll, 1919. 
Degrees Ce n fig rad e . 



L p,m. 

11 p.ui. 5 |i.nt 

Surface 

.j.rO 

ts-r* 

5 cm, dept li 

IIU'O 

:isi) 4;5'0 

10 cm. „ 

:i70 

:i7-o :io-:i 

20 cm. ,, 

— 

:i;i:i :i;i:i 


Bacterial numbers are relatively low, about one million per gramme 
of dry soil, and no activity lias been obsei-ved. Nitjates do not accumu- 
late. 

The conditions arc thus distinctly unfavourable to biological activity 
and tlie active period on the renewal of favourable conditions, })articu- 
laiiy in relation to the supply of water, ought to show tlie chai'acteiistic 
ahnormai activity. Bacteria ought to multiply more rapidly than in 
soil that has not been under these conditions and there ought to be an 
increased accumulation of available nitrogen as ammonia or as nitrate. 

It is obviously difficult to obtain strict comparative data on tliis 
point, particularly as it is difficult to secure an untreated soil, but the 
data given below show that this increased activity over soils that have 
not been sheraqi does take place. 

Protozoa are not entirely killed off except possibly under the extreme 
conditions of the basin lands but they are certainly cliecked. In the 
hands of a competent biologist there would seem to be ample material 
in these Egyptian soils for an examination of E. J. Russeirs hyi>othesis 
concerning the activity of protozoa in limiting the backuiological 
activity of the soil. 


EXPERIMENTAL. 

The main difficulty in obtaining positive evidence was to obtain a 
representative sample of soil that had not been under the shera^fi 
conditions. 

In 1919 a piece of rich bersim (clover) soil was selected immediately 
after the cattle had fed off the last cutting. Samples were taken frojn 
three different places and kept at about 20 ])er cent, moisture in lots of 
1 kilo. 

After one month a second sample was taken from the same field and 
again after two months. 
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Unfortunately the first sample was too rich; probably one of the 
places from which it was taken had been soaked by the urine of some 
animal. The whole sample showed an initial nitrate nitrogen content of 
CO parts per million of dry soil and was therefore rejected. In spite of its 
richness its highest number of bacteria was never more than 17 millions 
per gramme of diy soil during storage at 20 per cent, moisture content 
for 90 days. Bacterial counts and determinations of nitrate were made 
at intervals on the stored samples. The temperature of storage was 


l^umheri> of bacteria and amounts of nitrate in sheraqi soils after moistening 
•up to 20 per cent water conletiL 1918. 



!N umber 
of 

Bacteria, 
luiUions 
per gramme 
of dry 

Nitrate 
Nitrogen, 
parts per 
million 
of dry 

Nitrate 


days 

soil 

soil 

produced 

(S', sampled Julj" 1st 

0 

5-3 

24' 1 


Moisture =7-2 % 

5 

,340 

38-2 

14- 1 


15 

211 

51-5 

27-4 


30 

10-1 

54-4 

30-3 


5S 

17'1 

84-4 

GO-3 

iS', sarnpied Aiiojiist Ist 

0 

1-0 

2G-8 

— 

.Moisture -=+‘l % 

.I 

22-5 

495 

22-7 


14 

— 

Gl-2 

35-4 


31 

93-0 

68-5 

41-7 


In the year 1919 a similar piece of land was selected, a small cutting 
of bersim being taken before sampling began. In this case the first 
sample, taken un May 27 before sheraqi conditions had set in, was kept 
in bulk under more or less dormant conditions in the laboratory. 

On July 26 the same piece of land was again sampled and the two 
sets moistened up to 21 per cent, moisture and stored at 30° C. in lots 
of 1 kilo. 

Determinations of nitrate, ammonia and bacteria numbers were then 
made periodically. 

The untreated soil contained on sampling 14 per cent, of moisture 
which fell to 10 per cent, during storage. 

During this period a little nitrate accumulated in excess of that 
present in the sheraqi sample when sampled two months later. 

In both years the sheraqi soils after moistening up show an increased 
biological activity over the untreated soils, characteristic of partial 
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sterilisation, the number of bacteria being higher and there being a more 
rapid accumulation of available nitrogen entirely parallel with the cases 
investigated by E. J. Russell ajid his co> workers. 

Table III. 

^\u}nbers of bacteria and amonnfs of nitrate and anunania in lihcrafji soils 
after moistenuig up to 21 per cent, water content. PJP,). 

Baeleria, Xitruirni, 
millions poi' niillit)n of 

Number per jrraTnnio dry soil 



of 

of dry 

As 

As 

Nitrate 


days 

soil 

iiiniiioniii 

nitrate 

])i’odueed 

Untreated 

0 

34 

nil 

lS-(i 

— 

Sampled May 27th 

5 

104 

— 

31-7 

13-1 

Moisture = H % 

15 

15-0 

— 

324) 

14-0 


32 

lO'O 

' 

41-0 

23-3 


(>2 

9 1 

— 

51 '2 

.324! 


1)0 

13'5 

— 

55-5 


Shcraqi 

0 

24 

10 

8-2 

— 

Sampled July 26th 

5 

17‘5 

4 

23-7 

15-.5 

>!bisturc = 5-5 % 

15 

28-8 

— 

25-9 

17-7 


32 

244 

7 

40-0 

31-8 


02 

13-9 

— 

51 '2 

43 0 


90 

184 

— 

(il-3 

53- L 


( Rece ived ('Uh J a nun nj 1920.) 



NUMBERS OF PROTOZOA IN CERTAIN 
ROTHAMSTED SOILS^. 


By LETTICE M. CHUMP, M.Sc. 

{Rot ham •'it ed Experimental Station. ) 

(M'ith Twenty text-iigures.) 

INTRODUCTION. 

Ai/ruoi-'cni during llie hist few years a good deal of work has been done 
on the .soil protozoa, very little is known as yet as to their mode of life, 
behaviour and relations with the other soil organisms; so much is this 
the case that even the fact that they lead a trophic life in soil is often 
disputed. Since HusseU and Hutchinson (16, 17) in their work on the 
partial sterilisation of soil first discussed the possible relations existing 
between the soil protozoa and bacteria, the question of the activity of 
protozoa in soil has become important. They found that partial sterilisa- 
tion brought about an improvement in the soil as a medium for the 
growth of bacteria by the removal of a limiting factor, and further they 
showed that this limiting factor possessed many of the characteristics 
of a living organism. Provisionally they regarded the protozoa a.s con- 
stituting one of the factors limiting bacterial development in soil; the 
hv])othesis therefore is based on the assumption that the protozoa are 
trophic. It has been the object of this work to ascertain whether the.se 
organisms can live and multiply in the soil under wholly normal physical 
and cultural conditions, and also to throw some light upon the inter- 
relations between this group of animals and the soil bacteria. Among 
recent investigators Martin and Le\vin(i)) and Goodey(7) are practically 
the only ones who state tliat protozoa other than flagellates are trophic 
in soil even when the moisture content is not above the average, Martin 
and Lowin claim this for amoha^ and flagellates, Goodey for ainmha* 
only, j\Iartin and Levvin snccceded in making preparations of trophic 
amoL'bag thecaiiucbic and flagellates either by adding suitable fixative.s, 
such as pH’i'ic alcohol, to the soil and floating cover slips on the surface 
of the liquid, or by passing a stream of air bubbles through a vertical 
tube containing a suspension of soil in water, and letting the. bubbles 
break on a cover slip at the top for a short time. When either of these 
iiiethods results iu the appearance of trophic forms on the cover slips 

* This work w^s carrirrl out Ix'foro Mr ('utlor’s method for distinguishing between 
the total and the active numbers of protozoa was devised. The figures quoted in this 
paper always refer to total (active -I- cystic) numbers. 
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it is a satisfactoiy proof tliat trophic forms were present in the original 
soil but there are certain drawbacks attached to botli methods, as tliere 
jippear to be physical conditions^ under which the protozoa cannot be 
\ii ashed out of the soil with such ease and the cover slips remain blank, 
and further there is the faint possibility that sudden cxcystmejit may 
be induced by the treatment that the soil undergoes. According to 
Martin and Lewin, amoeba*, tliecammbae and flagellates arc ordinarily 
trophic in the soils that they used, the ammboc and theeamahie being 
more numerous than the flagellates. Their soils included a cucumber 
sick soil, a soil from a seedling bed, containing sand and leaf mould, but 
no manure, a woodland soil very rich in leaf mould, and three of the 
Rothamsted field soils taken from Broadbalk, dunged plot and un- 
manured plot, and from a fallow plot on Agdell. (Joodey, working at 
Rothamsted (5), thinks that cilia tes are probably not trophic. Waksmaii 
working in U.S.A.{20) states that “flagellates arc the most cornmo]) soil 
protozoa found active ii\ (he soil with moisture content too low for the 
development of the other groups,” but he inalces no mention of tlie 
animbae, and Sherman, also working in U.8.A.(1S), agrees that flagellates 
are in most soils the only active forma. With the heavy Rothamsted 
soils Martin and Lewin’s methods often give negative results, but wlieii 
tliey succeed the fauna comprises many more aiiimba^ than flagellates, 
moreover the auimbm both from their size and from their known habit 
of feeding on bacteria are more likely to make an impression upon the 
bacterial numbers than are the very much .smaller nagcllates which are 
in some cases not even holozoic. For these reasons in the present instance, 
the amoeba) alone are considered, except in a, few cases wliore it has 
seemed useful to quote the numbers for ciliates or flagellates. It is 
interesting to notice in this connexion that Cauda and Sangiorgi, working 
at Turin (1), invariably obtain from their soils comparatively high numbers 
of ammb®, and in two cases ammbso only, tlio flagellates and ciliates 
bolh being absent. The thecammb®, which are often [tresent in numbers 
up to 1000 or even more per gramme, arc also neglected as they arise very 
late in the cultures, generally not until at least three weeks have elapsed, 
and to deal with them adequately requires an increase of apparatus vbich 
lias hitherto been impracticable. Records of their appearance have been 
kept in some cases. For instance on May 3rd, 1916, 10 potri dishes 
containing nutrient agar were inoculated with 0-5 gramme of soil from 
Broadbalk, Plot 2, and enough sterile water was added to each plate 

^ Doubtlesa cormctaccl with surface energy (Cutler, Journ, o/ A(jrn\ Sd. rx. part- iv. 
11)19). 
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to moisten the surface. Thecamoebac appeared on the plates marked 
with a X as follows; 

Table 1. 

Tkecmnoebo} in ^oil of Broadhalh, Plot 2, May 1916. 

I^lates 

123'156789 10 

May 31 ... x x x 

June 5 X x x 

June 10 X ... X 

June 15 X x x x x ... x x 

June 19 X X x 

June 22 X x x x x ... x x x ... 

June 29 X X X X X x 

July 3 xxxxxxxxxx 

Oil September 7th, 1916, petri dishes were inoculated wdth 1 c.c. 
from some of the dilution bottles used for counting the protozoa in 
Broadbalk, Plot 2. 

Table II. 

Thecamcdbd) in soil of Broadhalk, Plot 2, Sept. 1916. 

Dilutiona 

1/10 1/100 1/1000 1/2500 

tSepteraber 13 0 0 0 0 

September 20 * 0 0 0 0 

October 3 x 0 0 0 

October 3 x x x 0 

October 10 x x x 0 

Strong evidence for the existence of flagellates and amcebge in the 
trophic state is derived from observations on the fluctuations in their 
numbers, these fluctuations being of a very definite character and in 
no way due to chance. 

EXPERIMENTAL. 

The method used for counting the protozoa is an adaptation of the 
dilution method often employed in estimating bacterial numbers, and 
although such a means of counting can never give the absolute number 
of organisms present, yet it furnishes result’s which have a definite relative 
value. Each sample of soil used is compo.sed of several six inch borings 
taken with a soil auger and passed through a 3 mm, sieve; 10 grammes 
arc weighed out and shaken for four minutes in sterile tap water and this 
forms the initial dilution of 1/10 from which all the others are prepared. 
Four 1 c.c. samples are taken from each dilution bottle to give four 
parallel series of cultures. 
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The apparatus must be, sterile and the sas])ensions thoroughly 
shaken so that the liquid is as homogeneous as possible when the siunples 
for incubation are taken with the. pipette. The medium used is u nutrient 
agar, containing 0*3 per cent, lemco, sloped in small test-tubes^ soi that 
there is a certain amount of agar sloi)e above the 1 e.c. of lupiid from 
the dilution bottle. The cultures are incubated for a. minimum period 
of five days before examination, at a tctnpenUuro of about 18” C. 
Samples have been taken at fairly regular intervals of seven da vs from 
Broadbalk, Plot 2, which carries wheat every year and receives 11 tons 
of farmyard manure per acre every autumn, and from Great Jlarpenden 
Field, which in 1915, 1916, 1917 was cropped with cereals and in 1918 
with clover and had received no dung since 1911; samples have also been 
taken on a few occasions from Hroadbalk, Plot 3, whicli lias received no 
manure since 1839, and from Barnfield, Plot 10 , cropped with mangolds 
and receiving 1 4 tons farmyard manure per acre every year. The numbers 
of protozoa fluctuate even from day to dav in the top six inches of the 
field soils under observation; flagellates are nearly ah\avs jnesent in 
nuinber.s varying from 1000 to 100.000 per gramme, animbm too are 
generally to be found, though their numbers are lower, ranging between 
100 and 50,000 per gramme and very occasionally rising to 100 , 000 ; 
the ciliates only appear from time to time and seldom exceed KKM) per 
gramme. This method of counting of course allows of no differentiation 
between the organisms that are present in the soil in tlie trophic state 
and those that are there as cysts; it is po.ssilile howevei* to make such a 
distinction by using a device of 0 nnninghanfls( 2 ) which depends upon 
heating the dilutions to 58° C. to kill otf all trophic* forms before inocu- 
lating the culture tubes. 

Miss L. M. Underwmod, B.Sc. gave valuable assistance in the routine 
work during the period December 191(1 — A])ri] 1917. 

Curves 1 to 132 show the numbers of anncbie iti Broadbalk, Plot 2 , 
and in Great Harpenden Field, the samples being taken at intervals of 
about seven days over a period extending from 3Iav 1 916 to August 1919. 
These numbers change considerabh' and at first sight it may appear that 
the fluctuations are entirely due to chance, that at one point the soil 
may be rich in airunb® while in another it is barren, implying that the 
ainmbac are not native to the soil but are deposited ther<‘ ({iiite for- 
tuitously, either from the, air, just as protozoa appear in a hay infusion 
which is left uncovered, or when manure is applied. That chance is not 

, ^ Mr Culler in these laboratories uses petri (see p. ISM). 

* I am imlebtcrl to Mr D. \V. Cutler for l^ie. IS. 
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alone responsible for the varying numbers and that the amoeba? an- 
really indigenous to the soil is quite clear after a consideration of flip 
following facts: 

1. Samples of soil taken at the same time from different borings in 
the same field when dealt with separately yield almost identical resiilts 
(Table HI). In actual practice however each sample that is used consists 
of 6-10 such borings intimately mixed together, so that even the small 
differences which exist between the separate parts sink into insignificance. 

Table in. 

Number.^ of protozoa per gramme in samples of soil taJeen from 
different parts of the same plot. 

()r(;at Haipciulcn Field. 


Diile 

Sairiplt; No. 

AmcpbiP 

Flajicllates 

Ciliates 

Dcf. 19 lo 

1 

below 100 

10,000 

below 100 


2 

„ loo 

10,000 

„ 100 


3 

„ 100 

10,000 

„ 100 


4 

,, 100 

10,000 

„ KX) 

ik‘c. 10, lyio 

1 

„ 100 

10,000 

„ 100 


2 

„ 100 

7,500 

„ 100 


3 

„ 100 

10,000 

„ 100 

Broadbalk, Plot 

4 

2. 

„ 100 

10,000 

„ 100 

Feb. ]ii, 1916 

1 

2500 

50,000 

100 


2 

2500 

50,000 

100 


3 

2500 

75,000 

100 


4 

2500 

50,000 

below 100 


o 

2500 

75,000 

100 


‘J. The curves for the two fields in general show close similarity; this 
is well shown in Figs, 5 and 6, and 9 and 10, in fact out of the 27 points 
in Figs. 5 and 6, 24 correspond, while in Figs. 9 and 10 Avheve 12 count? 
are shown, eight correspond. If chance is to explain such parallelism 
it is necessary to imagine that the samples taken from the two different 
fields on the same day both happen to be rich in cysts or both ha»ppen to 
bo poor in them. 

2. The addition of dung to the field is not followed by an immediate 
and sustained rise in the numbers of protozoa as it would be were the 
dung the chief source of the soil fauna; for instance in Fig. 9 where farm- 
yard manure was added on October 24th and 25th, at the rate of 14 tons 
per acre, there is a rise in the amoeba curve on the 31 st which is followed 
by a substantial fall, and further, this rise and the subsequent one at the 
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end of November are paralleled in Harpenden Field (see Fi<r. 10) which 
received no maiiure at this date. The bacteria do apparently ijierease in 
luuubcrs and remain fairly higli from October 21 th to November 10th 
when they too fall. 

These three considerations lead to the conclusion that not only is 
there a protozoan fauna in certain field soils, but that tliis fauna is in 
the trophic condition and able to multiply with rapidity under certain 
conditions; thus in five days the number of am(xd:);r may rise from 5000 
TO .W.OOO per gramme, as in Fig. 9 between October 29th and November 
3rd. It may be suggested that in spite of this the animboe. may still 
only be present in cysts but that their cysts are reproductive, and that 
where 5000 cysts each containing one anueba occurred in 1 gramme of 
soil in October 29tli by November 3rd there were still 5000 (‘vsts but 
eaeh contained 10 amoebae. Unfortunately our knowledge, of the life- 
histories of these animals is insiinieietit. to I'ule thi.s suggestion out of 
court at once, but the investigations which liave been carried out bv 
numerous observers on free-living ‘■dima.-v'' anurbu' hitherto have 
certainly not led to the disco vnuy of such a stage of reproduction in the 
cyst. Further, where no amcebse are recorded it means that although 
a few may have been present their numbers certainly fell well below l(f0 
per gramme, and it is very difficult to imagine that so few cysts could 
aivft rise to 5000 ammbfe in four days,' as occurs in Fig. 5 between 
March 8th and 12th, without exevstment and a trophic period however 
.short. 

Certain experiments carried out iii the winter of 1915-16 give the 
following results concerning the vertical distribution of protozoa in the 
soil : 

Table TV. 


Nuniherif of protozoa per (jraniine at different depths in the soil. 

Depth in inches 


Date 

6 

12 

IS 


Feb. 2, 1916 

2500 

0 

0 

AmrebcT, 


10,000 

100 

100 

Klatiellates 


1(X) 

0 

0 

Ciliates 

Feb. 3, 1910 

1000 

0 

0 

Arwvhx 


7.500 

1000 

100 

Flasrcllates 


100 

0 

0 

Ciliiites 


This shows that the protozoa are practically confined to the top six inches 
in these field soils, and later work indicates that probably they occur 
very sparsely below the top four inches. Waksman (20) also finds that below 

i:i— 2 
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rj inc-hos the soil is practically free from protozoa while far the greatest 
mitnber is found just below the surface. 

ft is very difficult to give any information as to the genera and specis's 
of protozoa that can be found in soil; for practical purposes it has been 
(•ouvenient to divide them up into four great groups: amoebae, the- 
cama'bau flagellates, and ciliates, but this is obviously a most unsatis- 
factory classification. The investigation of the soil protozoa is still in 
its early stages and undoubtedly many new forms will be described. 
Unfortunately the identification of the animbcc and flagellates presents 
a good deal of difficulty since it is necessary to follow out the life-historv 
before a species cun lie named with ariy degree of certainty, and there 
is a striking lack of satisfactory description in the literature dealing with 
them. In several cases new specific names have been assigned but the 
data given arc quite insufficient to ensure the recognition of the species 
by other observers. 

The position as regards the occurrence of active protozoa in the soils 
under consideration may be summed up as follows: in arable soil, 
whether entirely umnanured or rich in farmyard manure, there is an 
extensive protozoan fauna, at least in the top six inches, which flourishes 
and multiplies, obtaining a great })art of its food from the bacteria that 
are invariably present. This fauna is in great part indigenous to the soil 
though some of its members probably arrive there by chance. For instance 
it seems likely that ChJamiidophrifs sp. is introduced in dung since it is 
found in the dunged, but not as yet in the undunged, plot on Broadbalk; 
it also occurs in cultures of farmyard maiuire and is known to be an 
inhabitant of the intestine in some animals. In the types of soil examined 
tlie richer the soil in organic matter the richer it is found to be in protozoa, 
especially in amoebae and thccamcebfo. Thus BroadUftlk, duuged plot, 
gives consistently higher mimbers than ( Ireat Harpendeii Field (Table V) 
and on one or two occasions when counts have been made on glasshouse 
soils the numbers have been liigh compared with those of the two field 
soils. 

A cursory glance at curves 1-13 shows tliati there is certainly some 
kind of interaction between aiiKobae and bacteria, for where the bacteria 
are relatively high the amocbcC are as a rule relatively low, and vice 
irr.sn, (liven that the numbers quoted have a real meaning and that, 
although they do not represent the numbers of micro-organisms actually 
in the soil, they show the rise and fall in the numbers of those organisms, 
the cause of these fluctuations must next be considered. The most 
obvious suggestion to put forward is that the changes in both curves 
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are due to the changes in the physical factors tlint make up the environ- 
ment. In the present instance only three of these factors have been dealt 
with, namely the soil moisture, the temperature and the rainfall. As a 
working hypothesi.s it may be presumed that a high percentage of 
moisture in the soil, short of water-logging, may be beneficial to miern- 
(irganic life, and that a high temperature may also pronujte growth and 
reproduction. 

Table V. 

Coin pctTison of numbers per gramme of prokKoa in BroadbaJk, dunged phi. 


and ilreai Harpenden Field, The figures in each ease are the average 
of ten eounts. 



Broadbalk dunged plot 
(containing lO'O pi^r cent, 
organic matter} 

Great Harpenden Field 
(cmitainin^ .5'7 ])er cent, 

, or<ranic matter) 

Date 

F 

c 

A 

F 

C 

A 

Feb. 1 March 5, 1917 

32,000 

20 

1,500 

I3,r)00 

10 

500 

March 8 -April 15, 1917 

29,800 

40 

1400 

9300 

0 

500 

April 17 — June 6, 1917 

23,300 

130 

1000 

7100 

20 

500 

June I Sept. 20, 1917 

31,200 

120 

18,000 

25,700 

10 

17,000 

Ot. 10— Dec. 15, 1917 

42,300 

20 

23,200 

23,30(1 

10 

10,000 

Doc. 21 — March 0, 1918 

20,500 

40 

2200 

12,000 

0 

1500 

March 13— June 5, 1918 

19,700 

20 

.5100 

13,500 

0 

4.50 

Rainfall. There is po 

definite 

correlation between the 

curves repre- 


senting the rainfall and those for the bacteria and protozoa. Occasionally 
a heavy fall of rain is followed by high numbers but by no means often 
enough to justify the conclusion from these data (hat tlie tuunbei’s of 
cither protozoa or bacteria depiend upon the rainfall. On Jamuiry Kith, 
1918, there is a rise in the bacteria in both fields (Figs. 11 and 12), and 
there is also a very heavy rainfall on the 15tli {Fig. 19), as the percentage 
of moisture for the count is low in Broadbalk and in no way excej^tionai 
in Harpenden Field, and as the temperature is only F. it is possible 
that in this case the rainfall must be called in to explain the bacterial 
miinbers. At the same time this is the only case where any change in the 
biological curves might be explained by rel'erenee to the rainfall, so that 
the chances are strongly in favour of its being a coincidence. 

Moisture Content. There is a very fair degree of corre.spondence 
between the curves for moisture content and the bacteria, and as might 
be expected the agreement is more marked when the temperature is 
fairly high, from May to October, than it is during the winter months. 
As a general rule the ama^bae. are low when the moisture content is 
liigh, while the percentage of moisture is never low enough in these soils 
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to act as a limiting factor to the protozoa. This conclusion is contiarv 
to that arrived at by certain of the American soil protozoologists, e.g. 
Kocli(i)) and 8herinan (i«), who have found that their protozoa are often 
trophic only in soils with an exceptionally high moisture content. 

Tettijterahire. Temperature seems to bear no special relation to the 
biolofjical curves, a fact which is not surprising on considering how vei v 
little protozoa in ciiUiires appear to be influenced by changes in tem- 
perature. 

It will be noticed that the. amoebae are apparently unaffected bv 
anv of the three physical factors under consideration. In an environment 
as complex as is the soil it is ijupossible to analyse thoroughly the action 
and reaction between any two of the factors that build it up. Moreover 
there are many otlier factors, both pliysical and biological, which have 
not been touched upon yet and which may well have a profound efl'ect 
upon the micro-organisms. One may conclude however that a warni. 
moist condition of the soil is favourable on the whole to the growth of 
bacteria, but does not encourage the amoeba). 

In this work only two soils have been dealt with in any detail, 
Broadbalk, Plot 2, which affords an example of a well- manured arable 
soil, and Oreat Harpenden Field which receives a comparatively small 
(jiiantity of manure; the fauna of pasture land has not been considered 
at all nor has that from other soils. 


CONCLUSIONS. 


1. Flagellates, amtfiba^ and ihecamcebas are usually present in 
tlie.so soils in the trophic condition and in comparatively large numbers, 
so that there is an extensive population actively in search of food. 

2. The protozoan fauna is practically conhiied to the top six inches 
of the soil. 

3. There is a definite inverse relation bet\vecn the numbers of bacteria 
and amoobse. 

4. Tlie atneeba? are uninflueirced by variations in the water content 
and temperature of the soil and by the rainfall. 

5- The ric.her the soil is in organic matter the richer it is in protozoa, 
especially ainceba^ and thecamoeba;. 
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Ciirces 1 — 13 show the moishtre conleni and niimhers of bacteria am} 
ama’bfe {iidire. -I C'yH(ic) in the (op six inches of soil from Broadhalk. 
Plot 2, and Great Harpenden Field at various dates from May 10, ii)]0 
to July 9, 1919. 




Junif Julg 


Fig. J. Great Harpoiuleii Field, May 10— .July 19, 1910. 



Fig. 3. Hroadbalk, I’lot 2 August 30 — November 29, 1 010. 
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Fig. 10. Great llarpenden Field, Octobei 10 Deceiiibiir 21, 19P 



Fig. 11. Broad balk, I lot 2, January 11 — April 4, 1H18. 
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Fig. 12. Great Harpenden Field, January 11 .\pril 4, 101 K. 
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Great Harjienden Field. 


50.000 
4 5.000 







\ 

\ 

\ 





— r 
\ 

03 
' % 





\\ 





\ 

\ 


/ 




/ 


/ 

/'f 

/' ' 






/ 

/ 

' 












- 

17 

27 f 

3 



17 27 


8 


b'i". 13. Great Harpenden Field and Broad balk, Plot 2, .June 17 — July 8, 1919. 


Ctvrvefi M -20 show the temperature and rainfall at various dates from 
May 10, 1916 to July 9, 1919. 



Fig. 14. May 10 — July 19, 1916. 













the influence of chemical CONSTJ'rUTION ON 
THE TOXICITY OF ORGANIC COMPOUNDS 
TO WIREWORMS. 

By F. TATTERSFIELD and A. W. 11. ROBERTS. 

{RothamMed ExperiiMntal Sfoflon.) 

(With 18 Diagrams in text.) 

The object of the present investigation was to study the toxic values of 
a series of organic compourids with respect to wu-ewonns — among the 
most resistant insects found in the soil— and to correlate as far as possible 
the toxic values with chemical constitution and physical properties. 

In order to obviate the many coniple.xities introduced by soil factors, 
such as adsorption and decomposition of the added substance, the 
experiments were carried out in closed flasks containing a known con- 
centration of poison in moist air. The wire worms used were of the genus 
Agriotes, 

A certain amount of work has already beem done on this problem. 
Holt{i) operating on the cockroach under somewhat similar conditions 
concluded that the toxicity of volatile organic compounds incroases with 
the boiling point, though compounds boiling above a certain critical 
temperature decrease in toxicity as the boiliiig })oint rises. 

Moore (2) summarises his earlier results as follows; 

1. Benzene derivatives are more toxic to the house-lly {Mmra 
domefitica L.) molecule for molecule than carbon di-sul[)hide. 

2. Physical characters, such as boiling point and vapour pre.ssiire, 
have more influence on toxicity than chemical composition. 

3. Up to 250° C. the higlier the bt)iling point the more toxi(! the 
compound. Beyond 250° C. the compound is usually so slightly volatile 
that insufficient evaporates to be effective. 

In a later paper (3) these conclusions although slightly modified are 
generally confirmed. 

He states; * 

1. The toxicity of a volatile organic compound is correlated closely 
with its volatility, decreasing volatility being accornpaiiied by increased 
toxicity. 
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2. The boiling point is a general index of volatility. Compounds 
boiling at 225“^ to 250° C. are usually so slightly volatile that they hill 
only after long exposure. He suggests that the structure of the respira- 
tory sy.stem of the insect may account for the remarkable influence of 
volatility on toxicity. 

In a study of the toxicity of kerosene (4) in the form of emulsions, 
Moore and Urahain ascertained tliat the high boiling point compounds 
are more toxic as contact insecticides than the low boiling point com- 
pounds. 

There is no reason to suppose that the boiling point of a compound 
can liav(> anv intrinsic relationship with its toxicity. It is better to 
regard it as a measure of some other property or constant associated 
wdth the compound: such, for instance, as the vapour pressure or rate 
of evaporation. 

In -Moore’s later researches and in the present wmrk the value 
measured is the capacity of an insect to recover from the effects of an 
e.xposurc of a definite length of time to a known concentration of 
poison gas in air. Graham, as Horace T. Brown (6) has recently pointed 
out, many years ago hazarded the opinion that insects at rest carrv on 
their respiratory processes entirely by diffusion along the tracheae. An 
insect recovering from the effects of poison vapour is usually in a state 
of quiescence, and if the tracheal system consisted of a very fine coiiiplex 
of capillaries with i in permeable walls the rate of escape of gas or vapour 
would follow the known laws of diffusion. Moore (5) has, however, 
recently showm that fumigants may enter and pass through the tracheal 
walls in vapour form and that slightly volatile compounds may condense 
upon the tracheal walls and penetrate the chitin rather than evaporate. 

In view of the complex nature of the phenomena it is surprising that 
the relationship existing between the rate of evaporation, volatility or 
vapour pressure and the toxicity of a compound is as close as it is. 
There are, however, a number of exceptions resulting from specific 
physiological c fleets of the chemical compounds examined. 

The rate of diffusion of a vapour out of the tracheal system might 
be expected to influence its toxicity, and if this be the case there should 
he a relationship betw'een molecular weight (which determines the rate 
of diffusion) and toxicity. 

In certain series, e.g. the hydrocarbons, the toxic values increase 
with increasing molecular w^eight, but the rule is by no means rigid. 
Pscudocumene is more toxic than its isomer, mesitylene; benzyl chloride 
than the isomeric o-chlortoluene; nionomethylaniline than o-toluidiae. 
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Benzene, although of a lower molecular weight, i,s more toxic im)lecule 
for molecule than hexane, chloroform, carboit tetrachloi'ide. 

Moore lays more stress on volatility than on chemical constitution. 
A number of instances, however, could be given where ti>xicity is not 
determined by volatility. Chloropicrim carbon di-sul])hide, ammonia, 
hvdrocyanic acid are more poisonous than their relatively high volatility 
would lead one to expect, 1 ii llie case of diumunia and hydrocyanic acid. 
Sliafer(T) has shown that they become firmlv fixed in the tissues of fhe 
in.sect and are not given oft when it is removed to fresh air. The solu- 
bility in water of these compounds apparently plays an important ]nirt 
in their toxic effect. The marked effect of chemical constitution on 
toxicity is demonstrated by the increased toxicity (’onse{|uent on the 
addition of certain groups to the chain or ring'' and the fact tliat isomeric 
substances are not always equally poisonous. If the addition of a- 
particular group does not incu'ease the reacti\uty of fhe compound (c.//, 
niethvl group to the benzene ring), fhe increase in toxicity corresponds 
with the change in vapour pressure or rate of evaporation. Where, 
howevei’, the reactivilv is altered this is no ]oiig(n' the case. Thus. I he 
livdroxy or amido derix^atives are much more reactive than their parent 
substance, and more toxic than migivt be expected from the change in 
their physical properties. Aniline vapour acting upon a wirowonn for a 
siithcieiit period of time causes a general darkening effect under the 
chifin: o- and p-toluidine. but e.specially mono- and di-methylaniline 
give rise to intensely dark coloured spots, distributed irregularly within 
the different segments underneath the chitin. ft is well known that 
aniline and its derivatives under certain comlifions change to dark 
coloured products which may be identical with the co 7 upf)unds of the 
diaiiilinoquinone and dianilinoquinone-anil tvpes isolated by ltibbs(S} 
from old samples of aniline which have undergone slow oxidation. 
Quinone is knowm to give rise to red coloured products witli proteins 
and amino acids(!n and it is possible that the dianilinoquinone. com- 
pounds Tnay behave in the same way. The toxicity of these organic 
compounds seems to depend primarily on their chemical properties, and 
only secondarily upon their rates of evaporation. 

Shafer(7) .showed that the genei'al effect of many insecticides was to 
<lepress re.spii'atory activity. Gasoline, carbon di-siilphidc and nicotine 
depress oxygen absorption more than carbon dioxid<7 excretion. In a 
later research he isolated from the insect body certain reducing, catalysing 
and oxidising enzvmea, and show^ed that they arc deletfuiously affected 
by the insecticides, and that the lipoids of the living oxygen-absorbing 
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cells become less permeable to oxygon wlien impregnated with such 
vai)ouis as gnsoliiie and chloroform than in their normal conditio!i. 
♦Shafer conclufled tliat the action on the enzymes was probably the 
determining factor in causing death. 


Substances, 

T a bl 0 [ . TojC i ciii/ of Iso mers . 

Of same Toxicity. 

Toxic concentration in 
millionths of a gm. mol. 

Mol. wt. Boiling point ° C. per 1000 cc. of air. 

Xylene (p) 

lOb 

138 

230-190 

,, (m) 

100 

138-5 

230-185 

Toluidiiie (o) 

1071 

197 

8-5-6-5 

.. (P) 

1071 

200 

8-5-6-5 

Cresol (o) 

1081 

190-8 

9-7-4 

» (p) 

lOS’l 

200-5 

9-7-4 

{m) 

108- 1 

201-1 

9-7-4 

Chlorphenol (o) 

128-5 

175-177 

6-4 

iP) 

128-.5 

217 

6-4 

Substances. 

Uf Different Toxicity 

Mol. wt. Boiling point 

Toxic concentration in 
millionths of a gm. mol. 
C. per 1000 cc. of air. 

Paeudocumene 

120-1 

168-170 

9.5-80 

Mesitylene 

120-1 

164 

Marginal 

Monomethyl aniline 

107-1 

104-195 

3-7-20 

o- and p-toluicline 

107-1 

197-200 

8-5-6-5 

Chloraniline (o) 

127-,[5 

208-8 

19-0 

.♦ (P) 

127-,1 

232 

Marginal 

Nitro phenol (o) 

139 

~ 

6-5 

(P) 

139 

— 

Non-toxic 

Benzyl chloride 

1 2(v5 

170-177 

4-3-5 

Chlortoluene (o) 

12G-.5 

159-11 

120-80 

o-diCl- benzene 

147 

179 

70-50 

P- 

147 

179 

Marginal 


By “marginal" is meant that the substance sometimes acts and soiuetiinea does 
not. Sep p. 207. 

By toxic concentration ie meant the amount in millionths of a gram molecule wlticlv 
when diifused in 1000 ec. of air proves toxic. The higher figure is the death point and the 
lower the recovery point. Where only one figure is given it means that action is sharp and 
death occurs. 

The experiments detailed in the present paper show that physio- 
logical effects are not solely dependent upon any one physical property. 
Chemical constitution and chemical properties must play the final j^art, 
though physical properties determine how far matters can go. The toxic 
vapour must penetrate into the tracheal system and then through the 
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walls before it can reach and react with the vital parts of tlic insert 
oraanism. The extent to which it can do this may well depend in no 
small measure upon the rate at which it can be expelled from tliose fine 
tubes after it has once found entrance into them. An insect, therefore, 
would in general recover more rapidly from the action of a poison which 
volatilises quickly from its body than from one with a slower rate of 
evaporation. 

The following relationships are brought out in the experiments 
described in the present paper: 

1. The toxicity of isomers is the same in certain cases, hut in others 
it is profoundly affected by the relative position of the groups. A liipiid 
is generally more certain in action than a solid (Table I). 

2. Toxicity increases in successive homologues to a certain point, 
after \vhich it becomes uncertain owing to limitation by the low vapour 
pressure of the amount of the compound entering into the gaseous phase. 
This stage is defined as “marginal"’ in these investigations. 

3. The effect of substitution on toxicity varies with the nature of 
the parent substance, and of the group introduced. The effect of intro- 
ducing successive CH^ groups into the benzene ring is approximately 
the same, toxicity being about doubled for each substitution ; each 
chlorine atom substituted in the ring increases toxicity three to four 
times. In these cases the resulting products are about as inert as the 
parent substance; where this is not the case no such regularity was 
observed (Table II). 

Table II. Effect of mbstituling siicceatiive urou-ps and chlorine ahntn. 

Moan toxic concentration*. Ratio wlirn I'^actor showing 
Millionths of gm. mol. per highest ineiuhcr effect of 


Substance. 

10(10 cc. of air. 

= 1. 

added group. 

Benzene 

712 

8‘14' 

[ 1-8 

Toluene 

385 

4-4 i 

- 1-8 

Xylene 

210 

2-4 ) 

2-4 

Paeudocumeno 

87-5 

1-0 J 


Benzene 

712 

11-8 1 

3-8 

Chlorbenzene 

185 

3‘1 \ 

o-dichlorbenzene 

60 

1-0 ] 

3-1 

Toluene 

385 

3-851 

3-85 

D'ohlortoluene 

100 

10 I 



* Mean of upper and lower (t.c. death and recovery) values. 


An OH group had a greater toxic effect when introduced into benzene 
than when introduced into toluene, while tlie NHj group had a greater 
toxic effect in toluene than in benzene (Tabic III). 


14—2 
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Table II [. of OH and NH 2 groups. 

Mean toxic 



concentration. 

Ratio. 

Factor. 

Bciizciiii 

712 

70 

70 

I’heuol 

1()3 

1 

'rnluene 

385 

47 

47 

Crcaol 

8'2 

1 

Benxene 

712 

30 

30 

Aniline 

24-2 

1 

Toluene 

3S5 

50 

.50 

Toluidine 

7-5 

1 


4. All vapours having strongly irritant properties possess a marked 
toxicity. AVhere substitution produces this effect, a large increase \y, 
obscrv(al ; thus tlic introduction of chlorine into the toluene side chain 
giving benzyl chloride, a strongly irritant substance, has a greater 
infl lienee on toxicity than when introduced into the ring to form non- 
irritant o-chlor toluene. The substitution of a nitro group into the 
chloroform molecule or three chlorine atoms into the nitromethane 
molecule gives rise to cliloropicrin, a strongly laelirymatory compound, 
nliich is five hundred times as toxic na chloroform, and three hundred 
times as toxic as uitTomethane. 

Allyl isothiocyanate., the most toxic substance tested, and the phenols, 
ehlorphenols and ammonia derivatives are all of high toxicity and 
strongly irritant. 


Table IV. ToxicUif of irritant suhsfanves. 


Initaiil substance. 

'toxic concentration. 
-Millionths of gin. mol. 
per 1000 CO. of air. 

Non -irritant 
paivnt body. 

T()>:i<‘ 1 onrenliation. 

Non-irritant 

isomer. 

Toxic cont ent rat ion. 

Allvl isothioevanate 

C 3 H 5 NCS 0-75 O-l 

— 


Chloropiciiti 2 1 
CUlaNO. 

Cliloi'ofonn 1040-800 
OHCla 

Nitromethane 710 
CH 3 NO, 


Benzyl Chloride 4-3'5 
CHjCi 

Toluene 420^350 
CU 3 

o-chlortolucne 120-100 
CH 3 

0 

0 

0 ° 


5. Certain compounds are particularly poisonous, such as aromatic 
amido and hydroxy derivatives, the former of these obviously bring 
about chemical change in the insect body, which is accompanied by the 
appearance of spots in the hypodermis under the chitin in the case of 
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(iioiiomethylaniline, diuiethylanilino, and o 
general darkening in the case of aniline. 

- and p-tohudine, and a 

The toxic concentrations in millionths of a 

gram molecule per KKlOcc. 

uf air are: 


Monomethylaiiiline 

3"- 2'U 

Dimethylaniline 

ti'U- .VO 

o-Toluidine 

Svj- (j'o 

p-Toluidine ... 

S’j- O'o 

Aniline 

27 21'ij 

The phenols possess strongly irritant qualities and as K. A. (’oopordu) 

has shown exert a de-euiulsifying effect upon 

the c(dloidal siisi'tension (if 

proteins. The introduction of a CH 3 group slightly, and of XO^, and Cl 
groups materially increases the toxieity of these compounds. 

Toxic concentration. 

Phenol 

' 104)-10 

O', 7 rt-, ^J-Cicsol ... 

9-7-4 

o-nitroplienol ... 

15 -d 

O', /j-chlorjjhenol 

(5-4 

di-chlot'plicnol (1 •. 2 : 4) 

1-H 


KXPKiUMEXTAL. 

Tn all more than seventy-five siihstanees wei'e tested which, while 
not covering the whole range of simple organ ic groupings, were repre- 
sentative of the more important and readilv obtainable series. 


Conipoumh Tcsled. [In Groups.) 


Hydrocaiihons. 

f Pentane 
Aliphatic -j Hexane 
( Heptane 

I Benzexic 
Toluene 
m- Xylene 
[ p-Xylene 

Aromatic ■ Pseiuloeumenc 
i Alesityleiie 
p-Cy mene 
Naphthalene 
Anthracene 
\Phenanthrcne 


H T.OO FA DeRIVATCVES. 

I Chloi'oform 
( Carbon Tetrachloride 
hichlorethylene 
Aliphatio - Triclilorethylenc 
. Tetrachlorethane 
, j lirotnofortn 

' ludofurra 


j Alonuehloi'lRinzeno 
(o- I't y;-l)i('hlorl)(:ii7.cne 
Aromatic rinL^ com- I, 2, t Tricldorben/ene 
ponmis o-elilnrtoluonc 

I MonoehlorxyJerif' 
j Broinbcnzciie 
^ Tndoljenzene 


Aromatic side chain 
compounds 


I Benzyl Chloride 
^ Benzul Chloride 
i Bcrizotrichloridf! 
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Nitbo Derivatives, ETn. 


Aliphatic j ^ j Nitrate 
“'"''"“'“JnAn.yl Nitrite 


Amicatio 

compounds 


j Nitrobenzene 
' o- A; p-NitrotoIuene 
'i Nitroxylenes (mixed) 
j Nitronaphthalenc 
iDinitrobenzeno 


Amino Derivatives. 


^Ammonia 
! Monomethylamine 

Aliphatic compounds ■; Dimethylanriine 
1 Tiimcthylamine 


1 i [ imci! 
lEthylai 


j Aniline 

I O' & p-Toltiidine 
1 Monomethylaniline 
Aromatic J Dimethylaniline 
compounds j Xylidine 

a-Naphthylamine 

Diphenylamine 

^Metaphenylenediamine 


Uydroxv Dekivativbs. 
I'henol 

0- & p* & m-Cresols 
Various Compounds. 
Allyl Isotlnocyanatc 
Hydrocyanic Acid 
Pyridine 

Carbon Disulphide 
Phenyl Hydrazine 


Mixed Derivatives. 
o- & p-ChlorphenolB 
1 , 2 , 4 dichlorphenol 
0- & p-Chlomitrobenzene 
0- & p-Chloraniline 
0-, m- & p-Nitraniline 
o- & p-Nitrophcnol 
'rrinitrophenol (Picric Acid) 
Nitrobenzaklehyde 
Nitrochluroforin (Chloropicrin) 


As the larvaft of certain different species of the genus Agriotes are 
not easy to identify, it is probable that two or more species were used; 
their lengtli ranged from 1’7 cms. to 2-2cms. We were unable to ascertain 
definitely whether the size of the insect materially altered its resistance 
to poison, though in the majority of cases little difference could be 
found. Larvae tested just prior to the moult were, if anything, rather 
more resistant and results obtained at this period were therefore dis- 
carded. 

A number of conical flasks were fitted with lead lined indiarubber 
stoppers, through each of which ran a glass rod turned up to form a 
hook at one end. From this hook a small Gooch crucible W'as suspended 
by copper wire. The flasks thus set up were carefully calibrated. Three 
sets of flasks of volume 400, 500-600, and 1150 cc, were used at different 
times during the experiments. This was done partly for convenience in 
handling, partly to ascertain whether difference in volume had any 
material effect upon the results. We were unable to detect any serious 
difference due to the volume of the flask, but the greater number of the 
results were finally confirmed in flasks of about 1150 cc. capacity. 

The actual mode of operation was as follows: a small pad of filter- 
paper was put into the perforated Gooch crucible and moistened with 
O’l cc. of distilled water, a necessary addition as wireworms rapidly die 
from desiccation, and on a hot summer’s day 0-1 cc, is about the smallest 
quantity convenient for handling. One, and sometimes twm, wirewwins 
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luivii^g been placed in each crucible, kno^vn amounts of the substances 
under investigation were put into the tlasks. This was effected in tlie 
ease of the less volatile substances by weighing out in a suitable dlhffion 
ill sand, but in the case of the less toxic and more volatile liipiids by 
measuring out the liquid from carefully calibrated capillarv pipettes. 
Some very highly toxic and disagreeable substances like chloropicrin, 
allvl isothiocyanate, and benzyl chloride were measured out in solution 
in pentane, which was found to have a negligible toxicity provided its 
concentration was kept sufficiently low. In the case of the sliglillv 
volatile substances the flasks were warmed for a short time on a steam 
oven to ensure complete volatilisatijm of tlie poison ami then allowed to 
cool before the wireworms wmre put im The Gooch crucibles containing 
the wireworms were then rapidly attached to the glass hooks and put 
into the flasks and the insects allowed to remain in the vapour for a 
period of 1000 minutes. During this time the fla.sks remained in a 
darkened i‘Oom, the temperature of which usually stood at 15 (t, and 
onlv varied one or tw'O degrees centigrade throughout the year. After 
exposure tlm larvae were taken nut and examined, then placed in tn})es 
containing moist sand. Thev w'ci’c examined from time to time for a 
period of eight to ten days, the tubes being for the most part kejd. in 
the darkened room. The tests for each substance were repeated a number 
(if times. 

On gradually lowering the concentrations of poison in the flasks, it 
was found that at a certain point death no longer occurred but uncertain 
results were obtained, ^Vithin this zone, which is e\])rcssed on the 
diagrams by dotted lines, the larvae wuu'e not killed though they W(ue 
generally too seriously incapacitated to recover (‘onipletely. At a lower 
concentratioii recovery w^as complete. The results have been plotted 
gainst various constants by means of eokimns representing the numbers 
of millionths of gram molecules required either to kill or inca])aeitate, 
these points being marked D for death point, I for incapacifatlon point, 
H for recovery point. The values obtained are given in Table V. 

Toxicity gradually increased in passing from the low er to the higher 
homologues until a certain member was reached at whicli uncertain 
results were obtained, deatli sometimes oec;iirring and sometimes not, 
at saturation concentrations. In such cases anaesthesia or narcosis might 
re.sult, but the larvae were usually capable of reco\’erv. Th(‘s(i ar(* listed 
in Table V as “Marginal and Uncertain,’’ This marginal effect results 
from the low volatility of the compound, insuincient being evaporated 
to produce permanent injury except to less lesistant iu,seet.s. These 
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mar^rinal substances have fairly high boiling points. Chmiiically ineit 
substances like the hydrocarbons, certain compounds containing lialoge-^s 
in the rinij; hut boiling above about and nearly all 

suhstunces boiling above 215'' C., are uncertain in their effects upon 

Table V. Vapours toxic to Wireworms. 

Order of Toxicity measured in Millionths of a Gm. Mol. per 1000 cc. uf 
Air found toxic in 1000 mts. at 15^“' 0. 


(Tht* llrst. fii'iire it- pre wonts dosth-pnint, second figure represents recovery-point.) 


Of High Toxicity 
(1-10). 


Boiling 

X)int '' C. 

Of Moderate Toxicity 
(10-100). 

Boilinj 

Kona 

Allyl I.solliiocyainde 

... ()-75-0'4 

150-7 

Hydrocj-anic Acid 

... 20-15 

20.1 

(Jhloropicrin 


2-1 

111 

o-chloraniline 

19-0 

2(J5-i 

Dichlorphenol (1:2: 

4) ... 

[■S 

210 

Henzal Chlonde . 

24 

203-2UC 

Monoiuelhylivniline 


3-7 -2-0 

191-195 

Aminonia 

... 23-18 


Benzyl Chloride ... 


4-3-,-, 

176-177 

-M onciTnetliyla mine 

... 24-lG 


o-Chlorjilienol 


0-4 

175 177 

Diinethylaruine 

... 22 10 

8 

p-CliI(irplienol 


6-4 

217 

Ethylaniitie 

... 22 17 

10-1 

o-NitnuihcnoI 


6-5 

214 

Niirobenzeno 

... 24-16 

2Kiy 

Dimethylanilinc ... 


6-6-5 

193 191 

Aniline 

... 27 21-5 

1^J 

X ylidinc (but with a 

tend- 

7-5 214-215-.7 

Triniethylaiiiine , 

... 40-32 

3-.j 

(lency to he uncertain) 



lodobenzene (iiicaj) 

* ... 50-25 

i'.iu 

o-Toluidine 


8-5-6-5 

107 

Amyl Nitrite 

... 64-GO 

90 

p-Tohiidino 


8-rj-6-5 

108 

o-di chlorbenzene . 

... 70-50 

179 

o-Cresol 


!)-7-4 

190 

Pyridine 

... 76-60 

11.1 

w-Crenol ... 


0-7-4 

200-5 

Pseiidocumene 

... 95-80 

lOS-lTi 

;/j-Crosol 


0-7-4 

201-1 

Bromofonn 

94 

lol 

Plicnol 


10-6-H) 

181-5 

Monobrun^benzene 

... 96-80 

luj- lij 

Of i»w Toxieitv 
( 100 -:>0,000). ‘ 

Belling 
Point C 

Marginal and Boiling 

Uncertain. Point C. 

Noii-Toxie. 

Boiliiij 
Point ■ i 

Moiuu'hhutoluene 

1L‘0-S0 

1.50-4 

o-Nitro-Ci-Benzene 243 

Anthracene 

311 

Tetraehloivthane ... 

141-00 

146-148 

o-Xitrotoluene 222 

Phenunthrene 

34y 

Amyl Nitrate 

ISO- 140 

148 

p-Nitrotoluene 238 

Iodoform 

- 

.Monoch lot benzene 

200-170 

132 

Nitroxylene 

240-260 

Nitrobenzaidehyde 

- 

.\yleno (p) 

2:i0-mo 

138 

Naphthalene 218 

Dinltrobenzene 


Xylene («0 

2:10- IS.5 

138-5 

p-Nitraniline — 

Nitronaphthalene 

- 

Toluene 

420-3.70 

111 

p-diehlorbenzene lT2 

jj-Nitrophenol 

- 

Carbon Disulpliide 

.726-100 

46 

Ti'ichlorbenzcne 213 

0- k )rt-Nitraailiuc 

- 

Xitro in ethane 

710 

101 

(1:2:4) 


Trinitrophenol 

- 

Benzene 

77r>-()50 

SO-3 

p-Cldnraniline 232 

(I’icric Acid) 


Heptane 

SOO 

97 

ye Nitro-(![- Benzene 242 

Metaphenylene 

282-2: 

Clilornform 

1 040-801 

) 61 

Mesitylenc 

164 

diamine 


Carbon '['etiachltiriiU’ 1000 

76-8 

p-Cyinene 

174-.^^17.5-. 

j Plu-uyl Hydrazine 

21:! 

Tnchloretliylene .. 

1200 

88-80 

Benzotrichloride 213 

Naphthylaininc 

300 

Hexane 

3000 

715 

Moiiocidorxylene 18.5-192 

Diphenylaioine 

3112 

Dic'hlorethylenc . , 

3100-2400 54-7-56 





Pentane (iucap.) .. 

16,61X1 

37 






* The higher concentration incapacilatew. 



F. Tattersfield and A. W. K. Roberts *209 

^virew'orms. ‘finally, organic, compounds boiling aboN-c 2-10° C. have too 
],i\v a volatility to produce any effect upon wirewornis and are listed as 
f}(f}i-toxic (see Table \ 


The Hydrocarbon Series. 

The hydrocarbons have been extensively used as insecticides in tin* 
foini of peitrolcuni and various fractions obtained by the distillation of 
coal tar. Only three members of the aliphatic series wen; tested, 
pentane, hexane and heptane — the iiorinal straight chain compounds 
being used in eacli case; tlic results obtained are shown in Diagram 1. 



u 


Ki.lWO 1 
! :).0()0 
A.ocm- 

I2,00(( 
ll.OWl 
ui.ecio • 

sooo 

700(1 ■ 

nooo ■ 

.'lOOO ■ 
40(K) 

3000 

•JUOO 



Mol. wts. 


Bnilin;^ pts. 


Diagram 1. Aliphatic HytU'ocavhons showing rclationsliip hotween 
Toxicity tiiiil MoRouhu' Weights and Boiling i'yinls. 

Pentane, the rate of evaporation of whicdi is extremely rapid, was 
scarcely toxic, incapacitation only occurring even at higli concentration. 
Diagram 1 shows thatl^uxieity increas(;s in passing trmn inenilau'S with 
lc.ss molecular \veight and lo\v boiling point to those, of higher. At the 
time of these experiments it was not possible to obtain higlifr inenibers 
than heptane, but from the nature of tlie- substant-cs it w(>nld seem 
jnstifiable to conclude that toxicity would furthm’ increase lui f il volatility 
became too lo\v. 

An analogous series is found in the aromatic iu'drocaibons, the 
amounts required to kill steadily decreasing from benzene t(» toluene, 
to m- andp-xylene until pseudocumene is reached (.see Diagrams 2 ami 3). 
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Mesitylene, ;)-cymene and naphtlialenft were found to be marginal and 
uncertain and the results given by them are indicated by the broken 
lilies running across the diagrams. 

Table VI. Hydrocarbon iierm. 

Toxic concentrations and physical properties. 

Nos. of 

nnlliomhi 
of a gill. 


Toxicity. Sub.stancc. 

Mnl. 

wt. 

Boiling 
point ° ( '. 

Vapour 
pressure 
at 15" C. 

Wta per 
1000 cc. of 
Air at 15^ C. 
foiiml toxic, 
gins. 

mol. jif.'f 
1000 ec. 
of Air at 
15M:\ 
found 
toxic. 

I Pentane (aocmal) 

721 

37 

345 lum. 

1-2 . 

16,600(1.) 

Low Toxicity ■ Hexane ,, 

86-1 

71 

96 „ 

■26 

3000 

1 Heptane ,, 

1001 

97 

27 „ 

■08 

800 

[Benzene 

78 

80-3 

58-9 „ 

-060-0507 

775~6o() 

, rr, . .. Toluene 

92 

111 

17-2 „ 

-0386-0322 

420-350 

Low Toxicity < , 

j Xyhme (m) 

106-1 

138-5 

4-74 „ 

•0244-0196 

230-18.5 

IXylerie {p) 

1061 

138 

13-69 „ 

-0244-0204 

230-190 

^fode^ate pBeudoeunriene 

120 

168-170 

7-75 „ 

-01 14-0096 

95-80 

('Mesitylene 

Marginal ■ Para-Cymene 

l-Naplith.alene 

120 

164 

23-53 

Mar^nal 

Marginal 

134 

174-.5-1 7.0-5 

5-71 „ 

„ 

„ 

128 

218 

■062 (Allen) 



Xon-Toxic jA^thracene 

178 

351 

— 

Non Toxic 

Non-Toxic 

iPhenanthrene 

178 

340 

— 





Mol. wts. 

Diagram 2. Aromatic Hydrocarlions sliowing relationship hetween 
Toxicity and Moleeular Weights. 
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Diagrams 4- and 5 show the results plotted against vapoiir ])ivssm‘es. 
Xo. 4 gives results obtained with benzene derivatives on a ratlier larger 
scale. The vapour pressure values are taken from tables given bv 
Woringcr {Zeii. pkysik, Chemie., 34, 1900, pp, 262- 263) and by Young. 
Xo. 5 shows a wider range of compounds (halogen derivatives of benzene 
being included). The marginal compounds meaityhme and /j-oyinene an' 
omitted from this graph. 



' wj Vmi imt niOrjuu'iiVibn'Ni 

UoilinK r)ts. 

Diagram iJ. Aromatic Hydrocarbons sliuwiiig rclivlionfihii) between 
To.xicily and Boiling I’oints. 

An examination of these diagrams shows, with certain exceptions, 
that as the vapour pressure decreases there is an increase in toxicity. 
Benzene, however, is found to be more toxic than the straight chaiti 
hydrocarbon, hexane, containing six carbon atoms, and somewhat more 
toxic than heptane, indicating that the ring structure adds slightly to 
the toxic value. Two serious exceptions occur in tlie case of ineta-.xylenc 
and mesitylene. If vapour pressure were the chief determining factor 
meta-xylene with a pressure of 4-74 mni. should be more toxic than 
pseudocumene with 7'75 mm. This is not the case. Mesitylene with 
23-5 mni. should be slightly less poisonous than toluene, but its toxicity 
is almost nil under our experimental conditiojis. The vapour pressures 
of some of the compounds used in this investigation have already been 
determined, but in view of the great difficulty of purifying some of the 
compounds and of the marked effect of traces of impurity on the physical 
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constaJits, it is by no means safe to assume that the published values 
hold for the specimens actually used in our experimeids. The rates of 
evaporation of a number of the compounds were therefore determined. 



Viipour pressuves at 15° C. in mm. 

Diaf^niin 4. Aroniatie Mydntcurbons showing relationship between 
Toxicity and Vapour Pressures. 



Vapour pressures at 15° C. in mm. 

Diagram '>. Khowing relationship between Vapour Pressures and Toxicity. 


The method employed is described and the results obtained indicated 
later (p. 329). Keference to Table XV and Diagratn 17 shows that 
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;/f-xylcne (carefully purified by the sulphonation process) was consider' 
able more volatile than pseudocumcnc used in these expeiitnents. and 
also that both the mesityleiie and para-cy ineno were molecule for 
molecule rather less volatile than the pseudocumene used. Thi.s differeuce 
in volatility seems to account for the observed difl'erenees iu toxicitv, 
and explains why wireworms recover more readil\’ from ?>exvlene than 
they do from pseudocumene, while the p-cyitumc and mesityleue used 
b\‘ us would appear to have a volatility just too low to ^ive a sutheieut 
concentration of vapour in our flasks to produce death or permanent 
injury. The difference in toxicity between mesitylene and pseudocumene, 
the volatilities of which are very near together, mav however be the 
result of different molecular arrangement. 

IIalookn Dfirivattves, • 

Halogen derivatives of the aliphatic series are of comparatively low 
toxicity, which may be accounted for by tlnnr volatile natuie. When 
plotted to molecular weights no simple j'egulai'it\- appears, but when 
|>lottcd to boiling points a gradual iucroase in toxicitv j.s observable as 
the boiling points i)icrea.se. An exception to the rule is found in the case 
of chloroform; it is possible that this substance may undergo some 
decomposition in the organism. Old samples of cldoroform were found 
to be slightly more poisonous than new samples; in these ex])RrimLmts. 
therefore, only best quality aiiae.sthetic clih)rot’oi'm. fre(^ from free 
chlorine and chlorides, and caTefuily washed with water, was used. 
Most of these substances are less toxic tlian carbon disulphide. 


Table VU. Aliphotir Hnlopp)} DcrirniiirK. 





No.s. of mii- 



WtS ill 

lioiiths of a 


Vapour 

main,!! per 

>;m. mol. pr-r 


Pressure.'! 

moo f-r. of 

lOOOcc.of Air 


Boiling at 

Air at t'. 

at lo’C.found 

Substance. 

^loLwt. Puint^C. mill. 

found to.xie. 

toxic. 

, Dichlorcthylene 

a? 54';i-oa — 


3100-2400 

1 Tiichloi'ctbylenc 

i:U'4 8S-,S9 — 

■ms 

1200 

Low Toxicity. 

cliloride 

153'8 7(J<8 72 

•24() 

1600 

1 Cbloraform 

119-4 61 128 

-1 24 -09.)a 

1040-800 

Tetrachlorethano 

1G7'9 146-148 

•U237 -0100 

141 60 

Moderate T. Bromoform 

2o2-8 lol 

■D23S 

94 

Non-Toxic Todoform 

393-8 

— 

Non-Toxic 


Diagrams 8 and 9 show the effects of the aromatic halogen derivatives. 
The substitution of chlorine in the hydrocarbon ring appears to have an 
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approximately constant effect, monochlorbenzene being about 3-8 times 
as toxic as benzene, o-dichlorbenzene about three times as toxic as the 
inonochlor derivative, while o-chlor toluene is 3'5 times as toxic as 
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Molecular wts. 

lyiagmni 6. CSj ii-od Aliphatic Chlorine derivatives showin',^ relationship 
between Toxicity and Molecular Weights. 



Boiling Pta. Iodoform Non-Toxic 

Diagram 7. CSg and Aliphatic Chlorine derivatives showing relationship 
between Toxicity and Boiling Points 

toluene, Para-dichlorbcnzene however at saturation doses only produced 
anaesthesia from which the majority of the larvae recovered. Benzyl 
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chloride, with chlorine in the side chain and which gives off a very 
irritant vapour, was more toxic than the isomeric o-chlortolnene with 
chlorine in the ring. Brombenzene and iodobenzonc were toxic only 
at doses representing the saturation points for these compounds. 

Table VITT. Aromatic Halogen Derirtifives. 

Nos. of mil- 
Wts ill linjitfis of 


Toxicity. 

Substance. 

Mol.wt. 

Boiling 

PoitUTC. 

Vapour 

Pressure 

allo'O. 

grams pci- 
iiKH.l cc. of 
Airat 

found toxic. 

jiiii. mol. per 
101 to cc. of Air 
at ! 5’^ ('.found 
toxic. 

Low • 

JMonochlorbenzene 

I12a 

1S2 

6-75 

-0225-0191 

200-170 

[o -chi 0 rtol uciie 

126-5 

159-4 

— 

-0152-01 

120 SO 


! Monobrombenzene 

157 

155 156-5 

1-55 

-01.5-0125 

96- SO 

lloJcrato 1 

1 o-clichlorbenzene 

147 

179 



-0102-007 

70-.50 

lodobenzene 

204 

190 

0-G5 

-01,0 -‘005 

.50-25 

1 

1 Benzalchloride 

161 

203-204-5 


■00386 

24 

High 

Benzyl chloride 

126-5 

176 177 

— 

-0005-(K)044 

4-3-5 

1 

f jj-clichlorbenzeiio 

147 

172 

— 

— 

— 

1 

1:2:4 trichlor- 

181-4 

213 

— 

— 


Marginal 

1 benzene 

1 Monoclilorxylene 

140-5 

185 192 

_ 


— 

1 

[^Benzotrichloride 

195-5 

213-216 

— 

— 

— 



Diagram 8. Aromatic Hydrocarbons and Ch!orin<“ derivatives showing 
relationship between Toxicity and Molcculai' Weights 
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|)in;'i'ain 9. Aronijitic OMorinp tlovivativoK sliowing rclalionship 
hotwoon Toxicity and Boiling Boints. 


AitoMATtB Hydroxy Hkkivatjve.'^. 


Table iX. Aro}>ui(ic Hjfdrnxff Deriralii'es, 





Bolling 

Wt.s in gr.uns 
per 1000 L'f. 
of Air al 1.5' C. 

Nos. of niilliuntiis 
of a giu. mol. per 
1000 cc. of Air al 

Toxicity. 

Subsfimcg. 

Mol. wt. 

Point C. 

louial toxic. 

15 C. found toxi'-. 


' Phetiol 

!)4 

181- "> 

•001--0009 

lO-ti-IO 


f>-('rcsol 

lOS 

190 

-00097-0008 

9-7-4 


7rt'Cl'C3ol 

IDS 

200-5 

-00097-0008 

9-7-4 


/J-CiTSOl 

lOS 

20 M 

-00097-0008 

9-T-4 

iiigii : 

o-Xitropheno] 

]:u) 

214 

■0009 

(>•■) 


rt-ChlorphnnoI 

IJS'o 

175-177 

-00077-0005 

(>-4 


p-t'hlorphrnol 

128-.'5 

217 

-00077-0005 

(5-4 


Diulilorphenol 

1 {1;2:4) 

103 

2U) 

■0003 

1-8 

'Jofi-Tuxic 

( ;j*Nitrophunol 

13U 

— 

— 

— 

■j Tnnitrophrnol 
i (Picrin Acid) 

229 





This group was I'ound to be highly poisonous. The introduction of 
a. methyl group into phenol only slightly raised its toxicity, the pro- 
portional effect being much less than that due to its introduction into 
benzene and toluene. The position in the ring was practically without 
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otlect', the tlirec isomeric oresols being equally pai?;nno(is. Tlu* intro- 
(Diction of chlorine atoms had also a slightly less olYect upon the toxieitv 
of phenol than it had upon benzene, and again no ilitTennu'c could be 
(ietected in the values for the isomeric o- and p-ehlorphcmils. despite 
their considerable difTerences in boiling point . The intindiuMion of two 
chlorine atoms forming 1 : ‘2 : -t diehloi‘]dieiiol gax'e rist' to mu' of the 
most toxic products tested, this compound being more, than live times 
as poisonous as its parent sub.staiice. 



Mol. Wts. I’ls. 

I)i!ii;rani 10- ria'iiol^;, ICtt'crt oE ^uti^iiiutiini in riiifi- 


The introduction of a nitro group sliows tlie ehi'ct of position, the 
oi'IIlo derivative being moreto.vic tlian phenol, while tin* para conipouiul. 
which however is only sliglitlv volatile, was non-])oisonnus. 

The effect of substitution upon benzene and tcilucnt' are ])Ut in lor 
purpose of comparison (Table X), 

The toxieitv of these compounds may he due to tlu'ir irritant 
qualities, or to chemical or phvsical ehangt' indiuu'd in tlie organism. 
K. A. Cooper(lO) has shown that piicuol pieeijiitates susiu'iisions of 
proteins, and both germicidal and insecticidal (dfcct may dep(‘n<l in no 
small measure upon this property. 

Tt is of interest to compare tlie.se results with those ohtaimal by 
Cooper, by Eapp and by liechhold and Khrlicli on tlie, bactcricidul 
properties of the substituted phenols, (’ocqiernrn lias sliown tluit the 
introduction of NO 2 groups and of a 0H;j group increases both the 

Joum. of Agrio. Sci. x * ^ 
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and protein precipitating power of this group of substances. 
Our experiments indicate a similar but smaller increase in larvicidal 
power. The isomeric chlorphenols were found by RappOl) to be more 
toxic to bacteria than the cresols. Bechhold and EThlichii2) showed 
that toxicity to certain pathogenic bacteria depends on the number of 
halogen atoms introduced and while the first chlorine atom lowers 
toxicity, further substitution increases it. Our results indicate a con- 
si.stent increase in toxicity, but a second chlorine atom had a slightly 
greater effect than the first. 


Table X. Mean Toxicity of Phenol Derivatives^ showing ejfeel of 
substitution . 

In Millionths of a Oram Molccule per 1000 cc. of Air. 


EfTccL of OH (irou| 

[>• 

Effect of CHa 

Croup. 


8ubstancc 

To.xicity 

mean 

Ratio 

Toxicity 

Substance mean 

Ratio 


I jienzene 

712 

70 

) Benzene 712 

D8 


(Phenol 

10'3 

1 

(Toluene 385 

1 


(Toluene 

385 

47 

(Phenol 10-3 

1-25 


(Crcsol 

8-2 

1 

( Cresol 8-2 

1 


Kffeot of ('1 (Ironp. 


Effect of Nitro Group. 


Substance 

Toxicity 

mean 

Ratio 

Substance 

Toxicity 
mean Ratio 

( Benzene 

712 

3-8 

( Benzene 

712 : 

35-6 

(Chlorbenzene 

185 

1 

(Nitrobenzene 

20 

1 

(Chlorbenzene 

185 

31 

(Phenol 

10-3 

1-6 

( Diehlorbenzenc 1 

: 2 60 

1 

(o-Nitrophciiol 

6*5 

1 

( Phenol 

10-3 

2 

— 

— 

— 

( Monochlorphenol 

5 

1 

— 

— 

— 

( Chloi]»henol 

y 

2-H 

— 

— 

— 

(Dichlorphenol 1 : 

2:4 l-b 

1 

— 

— 

— 


Nitro Derivatives and Mixed Nitjio Derivatives. 

Nitrobenzene was found to have considerable toxicity, its toxic 
value however corresponded very closely to the saturation point. 
Nitrotoluene, and nitroxylene were so slightly volatile that their effects 
were uncertain, while nitronaphthalene produced no effect whatever. 
Attempts were made to increase the toxicity of the nitro derivatives 
by the. addition of certain chemical groups. A careful study was made 
of the toxic relationship existing between nitromethane, chloroform and 
nitrochloroform (chloropicrin). The results are indicated on Diagram T2. 
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ChloropicTin in constitution can bo, regarded as derived from cJiloro- 
form and nitro methane.- Its properties, however, are unlike tho.se of 
either of its parent substances. It is a liquid which gives olf an extreinelv 
irritant and lachrymatory vapour. AVhile both nitromethane and 
chloroform have very slight poisonous properties, the poisonous nature 
of this compound to insects is intense, being at least otK) time.s greater 
than that of chloroform and 350 times greater than tliat of nitromethane. 

Table XI. Nitro Derivatives. 

Wts in yrama Nos. of millionths 
pcT 1000 cc. of a },nn. mol. por 






of Air at 

1000 ec. of Air 




Boiling 

15" C. found 

at 15"' C. found 

Toxicity. 

Substance, 

3IoI. wt. 

point°('. 

toxic. 

toxic. 

Low j 

(Nitrometliaiit! 

61 

101 

•0433 

710 

[Amyl Nitrate 

133 

148 

■0239-'01S6 

180-140 

Moderate 

<Amyl Nitrite 

1 Nitrobenzene 

117 

123 

96 

210-9 

•0075-007 

-00295-002 

64-60 

24-16 


fo-nitrophenol 

139 

214 

•0009 

6-5 

High 1 

Nitrochlorofonn (Chloro 

- 164-u 

111 

■00033-(K)Ul() 

2-1 

1, pici'iii) 

o-Nitrochlorbenzene 

157o 

243 



i 

1 

o-Nitrotoluenc 

137 

1,59-4 

_ 



Marginal J 

jj-Nitrotoluene 

137 

162-3 




, Nitroxylene (mixed 

lol 

240-260 





1 

1 derivs.) 

;i-Nitranilitie 

138 





1 2)-NitrochIorbcnzene 

157-5 

242 

— 

— 


’ Nitrobenzaldehyde 

151 

— 

— 

_ 


Dinitrobenzene 

168 

~ 

— 

— 

Non-'roxio .j 

Nitrouaphthalene 

173 

— 

— 

— 

1 jo-Nitrophenol 

139 

— 

— 

— 

1 

o-Nilraniline 

138 

— 

- 

~ 


m-Nitraniline 

138 

— 


— 


The introduction of chlorine, together with a nitro group, into tlie 
benzene ring was studied. The nitrochlorbenzene products liave an 
irritant action, and it was thought probable tliat toxicity wmuld be higdi, 
while- the difficulty of handling, characteristic of chluropicrin, would be 
small. 0 - and j9-chlornitrobcnzene, cblordinitrobenzcne and dichlornitro- 
henzene w'ere tested. It is probable that the intrinsic toxicity of these 
compounds is great, but their vapour pressure and therefore the amounts 
entering the vapour phase is so low as to rentier them uncertain or non- 
toxic in effect. For example o-chlornitrobenzene might kill at a con- 
centration of 5 millionths of a gram- molecule in 1000 mi mi tea, but its 
action was uncertain and some larvae recovered from saturation doses 


15—2 
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Mol. WLs. Boiling rt;>. 

Diiigiuiii 11. Various Nili'o tlei'iviitivcs. 
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this material. All other mixed iiitro derivatives except o-nitruphenol 
were of low toxicity for the same reason. 

Amino Derivatives. 

Ammonia and its aliphatic derivatives were added to tlio tlnsks in 
at|iieous solution (1 per cent.) and it was immediately obvious that the 
added water might have a serious efl'ect upon the results, as some of 
these compounds are not readily liberated fi'oni their 

solutions. In order to ehEect this liberation a calculated quantity of 
freshly ignited lime was added to the flasks, in amount slightly in excess 


Table XII. Amino Dcrivafives. 


Toxioity. 

Substance. 

(Aliphatic.) 

Boiling 

Mol. \vl. point C. 

WtR in’grania 
per 1000 cc. 

of Air ai. 

15' t'. found 
toxic. 

N(»s. of millionths 
of a gin. mol. per 
1000 cc. of Air 
at 15 ('. found 
toxic. 

1 

Trimethylamine 

5<1 

3-5 

-0024-0019 

40- 32 

1 

Etliylaniine 

4.“. 

10-5 

■001 -00075 

22-17 

Moderate 

Dimethylainine 

45 

S 

■001 -0072 

22-10 

i 

Monoiuethylamine 

31 

-0 

-00075-0005 

24-10 


Ammonia 

17 

-33-5 

•0004--0003 

23-18 

\ 

Pyridine 

(Aromatic.) 

79 115 

■00(; -001.7 

70-00 

A [ode rate ' 

Aniiiiic 

93 

1S2 

■0025 --002 

27-21-5 

{ 

o-chloraniline 

127‘0 

208- S 

■0024 

19 

1 

o*Toliiidinc 

107-1 

197 

-0009-0007 

8-5 0-5 


jj-Tolnidine 

107-1 

198 

■0UO9--UUO7 

S-5 0-5 

High { 

Xylidine 

\-2] 

214-5 215-5 

■00085 -OOtH) 

7 ■ ,5 


Diraethylauiliae 

121 

193-194 

UUUS-OOOO 

(i-0-5 

\ 

‘Monomethylauiline 

107-1 

194-195 

■0004 - -0002 

3-7- 2-0 

•Marginal 

(P-Nitraniline 

138 



— 

(p-chloraniline 

127-5 

232 

— 

— 


/o- and m-Nitraniline 

138-1 

— 

— 

— 


Metaplicnylenediamine 108- L 

282-284 


- 

Noii-Toxie- 

Phcnylliydrazine 

117 

243-5 

— 

- 


Naplithylamine 

143 

300 

— 

— 


^.Diphenylamine 

109-1 

302 

— 



of that required to unite with the added watei', but !i(jt suflieient to 
cause complete dehydration of the wet pads in the cnaicible. The flasks 
were then closed, heated for some time in the oven and after coiding for 
some hours the Oooch crucibles with the larvae. wei'(s rapidly put in, 
A careful test was made to ascertain the effect of the amount of moisture 
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on the pad in the (jlooch crucibles. Lowering this from 0-1 cc. to 0'0’2 cc. 
had scarcely any effect upon the toxicity of ammonia, wliile the toxiu 
vahies of mono- and di-methylaminc were only slightly raised. 

The results are shown on Diagram 13. 

Ammonia,' ethylamine and monodimethylamine have about the same 
toxic values, molecule for molecule, while trimethylamine is slightlv 
less poisonous. Ammonia is found to be very poisonous to wireworins 
when actual weights and not gram molecular weights arc considered, 
so small a (juaiitity as 0-1: mg. per 1000 cc. of air being fatal. 



Diiigi'am 1)^. Ammonia Series, 


The results for these substances are calculated from the formulae of 
the gases rather than their hydrates, the toxicities however indicate that 
the solubilities of these compounds, and the readiness with which they 
are absorbed, play an active part in detenniniiig their toxicity. 

Reference to Diagram 14 shows aniline is of the same order of toxicity 
as ammonia. The effect on toxicity of reducing the NO 2 group of nitro- 
benz:ene to Nllg is very slight, despite the great change in chemical 
properties. The effect of introducing a methyl group in the ring, giving 
0 - and p-toluidine, is to increase toxicity threefold, its attachment bo the 
nitrogen in monomethyl aniline increases toxicity still further, this 
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compound under the condition of our experiments being six to seven 
times as toxic as aniline. 

These results differ from those obtained bv Fotenian and (h'alnini 
Smith (13) who found that the hydrochlorides of o-toiuidine and numo- 
methylaniline were equally elective as stomach poisons to house* flies as 
anilinC'.hydrochloride, while p-tohndine hydrochloride was nou-loxic. 

A sample of xylidinc distilling between "21 P' and 2ir)-5M.\ showed 
some uncertainty and all derivatives of this group boiling at tempera- 
tures higher than this were either marginal or non-poisonous. 

From the spotting effect produced by those compounds, chemical 
change is obviously playing a preponderating part in their toxic action. 


MurulJm! iihii 



Mol, Wts. Boiling Pts. 

Uiagmm 14. Aromatic Amide dprivativi-s. 

Considering the amino group as a whole the toxic nature of ammotiia 
and the aliphatic amino derivatives to insects is siii'prisingl}’ liigh, and 
not easy to explain. Bokorny (M) states that ammonia in dilute solutions 
causes granulation of the protoplasm in certain algae, and that small 
concentrations were effective in inhibiting the growth of amoebae, 
certain bacteria and yeasts. On the other hand this toxic effect did not 
run through the whole series and mono- and tri*niethylaminc weie jion- 
poisonous to fungi. Morgan and Cooper (15) determined the carbolic 
coefficients of some aliphatic and aromatic amines, and showed that the 
bactericidal powder increased with the increase in the molecular weight 
among the higher aliphatic amines, n-heptylainirie being more to.xic 
than isoamylamine and the latter than ethylamine. Moreover aniline 



224 CJicmiml ConstltHtlon and Toxklty to Wirewornu 

was less toxic tn U. Typlmm tliati tliese liiglier alipliatic amines aiul 
than carhollc acid, while ortho- and para-tohiidine were more toxic than 
aniline?, ityridine was found to be the most feeble in its germicidal action 
of all the inonacidic amines tested. A tetitativc explanation offered bv 
these* investigators for the high germicidal efficiency of the aliphatic as 
contrasted with the aromatic amines is that it may be due to the presence 
in a(jucous solution of hydro.'^yl ions liberated through ionisation of 
alkyl aminoniuin hydroxide, but that this is not entirely satisfactory is 
indicated by the low germicidal power of ethylenediamine, which is a 
strong base. They point out that the replacement Of hydrogen in 
amnumia by radicles of an acidic nature such as phenyl, tolyl, succinvl 
groups giv(‘s rise to substances with feeble germicidal action. Although 
there is no strict analogy between the results obtained by us for the 
in.secticidal power of the.se compounds and their germicidal action, there 
is a paralleli.sin. Ty^'idiiie w as found to be less potent as an insecticide 
than any other of the organic bases tested, while all the aliphatic amines 
had wcigiit for weight a greater toxicity^ than aniline. Toiuidine had 
ahso a greater to.xic action than aniline. 

'I'able XII 1. Ejfed of NKo f}roup and comparison with effect on hadertu. 


Tuxicity in uiU- Toxicity in gma Carbolic coef. 
lionths of gm. mol. per 1000 cc. io B/l'yiphosvA 


•Substance. 

formulae. 

.Mol. 

wt. 

per 1000 cc. Air 
(to \\ire'iVormR). 

Air (to 
wireworms). 

(Morgan and 
Cooper). 

Toiuidine o, f 

CH, C!,H, XH, 

107 

8-u-G‘5 

•0009-0007 

1-3 

Ethyl amine 

XH,, 

45 

■11-M 

-001-00075 

1-27 

Aniline 


93 

27-21-5 

-0025-002 

0-57 

Pvrkliiie 

n 

79 

76-00 

-006-0047 

0-lS 


N 

'Phe toxicity of the lower amines tn insects might be accounted for 
by the ionisation t)[ the alkyl ammonium hydroxides, but between the 
chemical action of the aliphatic and aromatic amines there is an obviou;; 
difference, the aliphatic aminc.s giving rise to no darkening and spotting 
suclt as is produced by the aromatic aminos. Tt would appear probable 
that till' oxvgon absoihing capacity of the aromatic amido derivatives 
and their conversion into comjwunds of the quinone type is playing a 
large part in their to.xic action. 

All the amines which boiled above 215'' C. were either margiiial or 
non-toxic; thus p-nitranilineand p-cliloraniline were uncertain in action, 
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0 - and >/?-nitraiiili]ie, #/?-ph(.MiyKMu'“i;liaiuiin:*. pluMiylhvdvazim', 
naphthylamiiie and diphenylaniinc were uon-toxin. 

AIikckllaxkoi’^ Okotp. 

Cai'bun disiilpKido, hydrocyanic acid, nllyl isothincvunatc were icstod 
for the purpose of comparison with the compounds of other groups. Tin- 
first two of these compounds have been widely used as insecticides, 
('arbon disulphide was only slightly poi.sonous. being of the same order 
of toxicity as benzene. Hydrocyanic acid was of considerable toxicitv 
when toxic concentration by weight was considered, t»-o to d-:i mg, per 
inoOcc. of air being fatal. Allyl isothiocyanate was the most toxic 
product tested. 



Diiigmn la. Effect of Actlitioii of Groups to Eeiizene Itinj:. 

Diagi-anis ID and 16 indicate the toxic effect of adding various groups 
to the benzene and toluene rings. The effect of substitution dejamds 
upon the nature of the rcsuUing product and this varies with the grouj) 
introduced. The proportional effect brought about by the substitution 
of any particular group is also dependent upon tlie iiature of the chain 
or ring into which it is introduced. 

An examination of Table XIV shows a \vide variation in results in 
toxic values according to the groups introduced, In the hydrocarbon 
ring the effect of introducing successive methyl or chloiiiie gro\ij)s is 
fairly constant provided substitution takes phif-e in the ring, that of the 
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fornier ^roup is to double toxicity approximately, while the introductiun 
of chlorine into the ring multiplies toxicity three to four times. If 
chlorine is introduced into the side chain to give benzyl chloride, the 
toxicity is multiplied a hundred-fold. 

The effect of the various groups when introduced singly into tlif^ 
benzene ring is in order of magnitude as follows 

NHOH 3 > N (0113)2 > OH > NOo > NH, > 1 > Br > Cl > CH^. 



Diagi'am 16. Effect of Addition of Groups to Toluene. 

The presence in the ring of other substituents seriously modifies this 
order. When a methyl group lias been introduced to form toluene, the 
order becomes Cl (side chain) > NH2 > OH > Cl (ring) > CHg, Again 
the proportional increase in toxic action due to the introduction of one 
Cll^rj group into phenol is less than when substituted into benzene; in 
the case of aniline it is considerably greater if introduced into the ring, 
and still greater if attached to the amido group. So also the effect of 
chlorine upon the toxic action of phenol is slightly less than upon that of 
benzene. 

The mutual effect of subsidiary groups in the main ring or chain is 
of fundamental importance, combi nations such as that of chlorine and 
hydroxy groups, of methyl and amido groups in the benzene ring giving 
rise to compounds of a high toxicity to wireworms, while the association 
of chlorine and methyl groups is not so effective unless the chlorine is 
<liroctly attached to the methyl group. 
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Table XIV. Toxic Effect of Suhsfifulion iitfo various Hiutis. 
Toxicity in millionths of a »:in. mol. per 1000 ec. Air. 


lomethyl- 

iiniline 


‘Jiucthyl- 

amine 


Formula. 

Toxie 
Conoen- 
tration of 
Substi' Parent 
tuent. Compound. 
A. 

CsHii 

CH, i(j,eoo 

„ S,000 

C.H„ 

„ 775-650 

OHj 

0 

„ 420-.‘i5{) 

CHs 

0 

„ 230-190 

Cil, 


OH 

n 

„ 10-6-10 

u 


NHj 

0 

„ 27 21-5 


„ S'o 6'.5 

^ G 

„ 3-7 2-0 

NHCUj 

NH, 

23-18 

, nh,,ch. 

, „ 24-16 

NH(CH, 

NH, 

C^Hg 23-18 


Foviimla. 


Hexane 

Heptane 


Toxic Cun- Uutiu ■>{ Toxic 
eeiitritliuii t umenlialionsuf 
of Result ine: tleilvativc ami 
I'n^ln t. j)aivnt Kiilistaiur. 
R A : B. 

iitMKi 
800 


■tL^o-:C)U cs:j i-sit 


l-8- l-'J 


P'Xylene 


Monornethyl- 

aniline 


u-ne 


Cl 

lenxone 


Cl 775-G50 Cl-Ben7.enr 


200 170 Di-CI- Benzene (. 


CH, 

0 

CH, 

CH, 

QCH, 

230-190 

1-8 

95-80 

2-4 

CH, 



(HI 



fT" - 

9-7-4 

1 18-1 '35 

NIL, Nfi, 



OH/N A 



1 

S-5-6-5 

3l7-:5-3 

C y ^ ■> 



CH,j 



0 

3-7-2 0 

7-3-10-7 

NHCH, 

7-.5 

1-2-1 -3 

(j 

6-(5-.5 

056-0-4 

N(CH,). 

NILCH3 

24-16 

i (Apptnx. 

NHICII,), 

22 

1 

N(CHH, 

40 - 32 

0-."..'. 0-7 (.\ 

NH,(CJl3) 

22-17 

1 (Apjirox. 

Cl 

(! 

200 - nit 

3-87-3-82 

01 



n" 

70-50 

2 86 3-4 
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Table XIV {contiiiaed). 


'l’f)xic 
Concen- 
tration of 

.Subriti- Parent Resulting 
f’liuin. PfHiniila. luciir. (.'onipound. Product. Forinula. Produ(t. parent sut, 

A. " ‘ ■ 


Pdni; 


Toxic Con- Ratio of '!, -, 
centration ( 'oncentrai :■ 
of Resultintt derivativ. 


CH, 


Cl 4:J0-;iD0 o-Cl-Toliiene 


CH3 

,C1 


CH,C1 


CH./i 

Benzyl r' : 

(jbloride j 

XM., 

Aniline ( ^ 


Benzyl {'hloride 


4-!b.o Benzal Cliloride 


2T-21'r) Cbloraniline 


NH, 

ltd 


0 


Cl 


OH 01! 
'€1 


Chlorphenol | i I 1 : 2 ; 4 di-Cl-Phenol 

(o- and ye) II'” I 


Br 775-650 Broiubenzene 


Cl 

Br 


u 


B. A : K, 

120-80 :Tr>-4:i 


i-A-o lOd-lOU 


OH OH 

10-6-l() 0 - and p-Cl-Pheuol & j 


6-4 1-7-2,' 


1-S 3-3 


50-25 15-5-26 


011 775-650 Phenol 


10-6-10 73 6.5 


0 


0 


420-350 Cregol ( 0 , m, y) 


XO, 775-650 Nitrobenzene 


NO. 10-6-10 o-Nitrophcnol 


NH„ 775-650 Aniline 


OH 


0-7-4 46 47 


24-16 32-46 


Q.O. 
Nil, 3 

n 


1-6 l-‘ 


27-21-5 28-7-30 
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The association of chlorine and nitro groups uives rise to hiiihlv 
toxic compounds. This is particularly noticeable in the case of cliloro- 
|ucrin, which is not only very volatile but also excessivelv poisonous. 
When these two groups arc brought together in tlie benzene nuclens 
the toxicity is limited by the low volatility of the resultant product. 
This factor also limits the poisonous properties of many other combina- 
tions such as the nitro amido. nitro aldehyde, di nitro groups, the 
resulting products being too slightly volatile to allow theii vapours (o 
produce a permanenth" injurious effect. 

Ratr of Fa'.apor.^tiox .and ToNirrTv. 

The rate of evaporation of a number of the substances actually used 
in the foregoing experiments was determined for the purposes of correla- 
tion with toxicit}" (this course being rendered necessarv bv the j)n>f(nMKi 
influence of traces of impuritv upon vapour jjressures). The motliod 
adopted was as follows: straight Availed tubes B-ocin.s. in leuLdli and 




Table XV. 




\'a ponr 

Approximate nite 

Tiixiu {-oiieeniration 



iire.ssni e 

ijl' i-va|ini'iiti(>n 


Boiliiip; 

at 15"(’. 

gm. mol. >: 10 

Vin. mol. V 10 

JSubstanco. 

}>oiiit C. 

nun. 

1000 lilts. 

1000 lilts. 

Carbon Disulphide 

4b 

245 

224,000 

526 400 

Dichlorethylenc 

o4-o- 56 

— 

137,000 

;uoo 

Chlorotorm 

60-2.5 61-5 

128 

1)8,000 

1040 

Hexane (normal) 

71-5 

96 

79,500 

m\i) 

Carbon 'I’etraehloride 

76-S 

72 

50,200 

1600 

Benzene 

SO’B 

58-9 

42,000 

775 65f) 

Ti'iehlorethyleue 

88-89 

- 

:i;i,noo 

120(1 

Heptane 

97 

27 

24,000 

SOO 

Toluene 

111 

17-2 

12,000 

120 :P50 

Monoeliloi'benzene 

i:i2 

6- 7.5 

4,8:10 

200 170 

m- Xylene 

138-5 

4-74 

:l,50O 

230 I.S.5 

Totraehlorethane 

146-U8 

— 

1,750 

111 60 

Tseudocumene 

168 

7-75 

800 

95 SO 

.Alesitylene 

163-164 

23-53 

740 


yeCymene 

174'5-17o-5 

5-71 

050 

— 

a-Dielilorbenzerie 

179 

- 

(iOO 

70-50 

Xilrobenzene 

205 


200 

24-16 

cins. in diameter 

■ AA^erc filled to a depth of 2*5 cins. 

from the rim with 


tlie substances to be tested and allowed to stand for knowji lengths of 
fiine. The loss in weight due to evaporation was then deterinincd by 
weighing and the results calculated to numbers of gram molecules 
evaporated in a period of 1000 minutes. The results are shown in 
Table XV and are plotted against the toxic values in Diagrams 17 and 
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18, [ 7 indicating the values obtained for a variety of different compounds, 
and 18 those obtained for the aliphatic halogen derivatives and carbon 
disulphide. A decreasing rate of evaporation was frequently accompanied 
by an increased toxicity but benzeiie, chloroform and carbon disulphide 
w ere more toxic than corresponded with their high degree of volatilitv. 


•jiooi 

o ' 



Q 


Nos. of ^in. mols. x 10-'* (evaporating in 1000 mts.). 
Diagram 17. Bclationship betweeu Rates of Evapumtioii and Toxicity. 


1 D»Diclilor LllivliDP^ 

301 Kt /f, “ <-Hci 



1 . l()‘ r) . 10' iU» 10* l-S - KV 22 > 10* 

Rates of Evaporation. Nos. of gm. iiiols. x 10- ® per 1000 mts. 


Diagram 1^^, Aliphatic Clilorinc derivatives and Carbon Disnlpbide. Relationship 
between Toxicity and Rates of Evaporation. 
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SUMMARY AND CONCLUSIONS. 

1. The relationship between chomieal constitution nml t(K\i(‘ity to 
wireworins of organic compounds is found to be. of a twofold nature. 

2. The general elTect of a group of coinpounds of the, same type is 
directly determined by the chemical constit\ition of the type, 'riu* 
particular effects of individual uienibers of the gi'ou]is are limited bv 
their physical properties such as volatility etc., whicli may be regarded 
as indirect consecpienoes of their chemical constitution. 

3. The aroiiiaiic hydrocarbons and halides are on the wlmle more 
toxic than the aliphatic hydrocarbons and halides. Tlie groups that 
influence toxicity most wlien introduced singly into the benzene ling 
are in order of importance the methylarnido (most effective), dinieth\’i- 
amido, hydroxy, nitro, amido, iodine, bromine, chlorine, metlivl groups 
(least elYcctive). Rut this order i.s modified in presence of another group; 
thus when there is a CHjj already prc.seiii in (he ling the order becomes 
chlorine (side chain), arnido, hydroxy, chlorine (ring), methyl. Chlorine 
and hydroxy group.s together give rise to higldy poisonous siibstaiic.es 
considerably more effective than where present separately. The associa- 
tion of chlorine and nitro groups in chloropicrin gives rise to one of the 
most toxic substances tested. Methyl grou})s substituted in the amid(> 
group of aniline increase toxicity more than if substituted in the ring. 

The list of siibstance.s tested and the, order of eil'ectiveiie.ss i.s given 
on page 208, 

4. Compounds with irritating vapours have usually liigli toxic 
values, e.g. Allyl isothiocyaimte, chloropicrin, benzyl chloride. Tlie 
toxic values of these substances are not closely correlated with tlicir 
vapour press\ires or rates of evaporation. 

5. There is a fairly close relationship between toxicities and the 
vapour pressures, rates of evaporation and volatilities of conipound.s of 
the same chemical type. In a series of similar compounds dccn'.ases in 
vapour pressure and in vidatility are associat(!d with an increased 
toxicity. A possible explanation is that condensation or adsoi'jdion 
takes place along the tracheal system when iiis('(;ts are, snhmittf'd to 
the action of these vapours. On expusure, once mor<^ to tlie open air 
these vapours diffuse out into the atmosphere, the laie at wliicli they 
do so being a measure of the rapidity with which the insect recove.rs. 

6. A limit is put upon toxicity by the decrea.se in vapour pre.ssurc, 
when itsink.stoo low to allow a toxic concentration in the vapour phase. 
Chemically inert compounds boiling above 170' C. are generally uncertaiu 
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in their poisonous effect on wircworms after an exposure of 1000 minutes 
at 15"’' 0- Nearly all organic compounds boiling above 215 C. are 
uncertain in their action, while those boiling above 245'^ C. are non- 
toxic. Idiese limits depend on the resistance of the insect, the length of 
exposure and the temperature at which the experiment is carried out. 
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ON THK RELATIVE GROWTH ANTI DEVET.OPMKN'r 
OF VARIOUS BREEDS AND CROSSES OF (ATTLE. 

By J. HAMMOND, M.A. 

{Animal Nutrition Lnstitufe, School of Agricultura, Vainbridyc.) 

Introduction. 

At the present time no exact records exist {except those in lirilish 
Breeds of Live Stock published by the Board of Agriculture ami Fisheiiesj 
and by McConnell in his Notebook of Agricidiural 'Fucta and Figntvs'-) 
wliioh show the relative qualities of the vajious British breeds of catth‘ 
ill respect of their ability to grow, fatten and increase in \Yeight. Also 
there exists no estimate as to the actual average amount of food [iroduced 
bv the different breeds on slaughter and the average pj'ojrortion of con- 
sumable meat and offal in the dead body. 

An investigation was therefore begun to determine the nhtlive merits 
of the different breeds in these respects, to analyse the conditions affecting 
growth in weight and proportional development in order to determine 
the most economical conditions and breeds for the production of meat. 

With the development of the Live Stock Scheme and the provision 
of pure bred sires throughout the country, some definite standard is 
recpiired to enable the more profitable breeds, grades and crosses to be 
determined. In Denmark a scheme described by Morkeberg^ exists to 
test the carcases of pigs bred from subsidised sires. Some definite basi.s 
of comparison is also required to compare Biitisb with Continental 
breeds and which will enable breeders to see exactly where the different 
breeds excel. Hitherto there have been no reliable figures available 
which show the average weights and amounts of meat produced by the 
various breeds, most books being content with a statement that the 
breed is a small or a large one and with the quotation of a few isolated 
cases of weights that have been attained at different ages. 

* Braeds of Live Stock, Board of Agriculture and Fiftlieries, T/mdon, LiU3. 

“ McComiell. Notebook of Agricultural Facts and Figures, ijondon, 1904. 

’ ildrkeberg. Tideskr, Landokonomif Nos. 5-G, 10 IS (abs. in Journal Dejd. Agr. and 
Tech. Imtr., Ireland, VoL 17, No. 1, 1916). 

Journ, of Agrio. Sci. x 16 



234 Relative Growth and Bevelopmeni of Cattle 

It may be said that a study of breeds, as such, is not possible oiving 
to the large amount of variation which exists within a breed, and that 
cattle are plastic and by breeding can be modelled to the will of the 
breeder. The study of breeds, however, will show the results attained 
by the aggregate of the individuals of a breed which have been modelled 
to the standard laid down by the Breed Society; that is, it will show- 
how far the standards of the various breed societies are conducive to 
the qualities investigated and how far their ideals are based on coin- 
mercial qualities. 

The results of the investigation, as described below, show that a 
definite comparison between different breeds can be made and that 
many (jf the factors which influeiice size and relative development can 
be unravelled. Although the investigation was necessarily very limited, 
sufficient has been done to show that a study of proportional develop 
ment of animals, as yet practically untouched, is one which would well 
repay further investigation both from a practical and scientific point of 
view. It has also shown that Breed Societies could wnth advantage 
utilise the wide variation which at present exists in the proportions of 
the carcase weight to select animals which give a high proportion of 
flesh and less ofltaB. 

In the same way it appears that there is scope for improvement as 
regards “weight for age” which must play an important part in the 
economic, production of meat. There has perhaps been of late years a 
tendency to sacrifice “weight” for “quality” but data given below 
show that the smaller animals do not yield a larger proportion of 
“carcase” than the larger ones of the same age^. The importance of 
size — weight for age— has been impressed upon the farmer during the 
last few years by the system of “grading” fat cattle, but it is doubtful 
if the breeder of pedigree stock has been impressed to the same extent. 
Unless the latter realises the commercial importance of weight for age 
the farmer will not look on pedigree stock with much favour. 

Material. 

As the collection of data concerning the growth and slaughterhouse 
tests for all the various breeds and crosses would involve much work 

‘ Mackenzie and Marshall have found that a high proportion of oarcase can be foretold 
by certain “outside" manifeatations such as the condition of the hock, 'ailx'h bone, etc. 
[ Jvnr.^Bd. Agric. Vol. 25, Sept. IfllS). 

® No account here has been taken of the amounts of meat and bone in the “carcaac." 
and it is possible that there is a greater percentage of bone in the “carcase” of the larger 
steers hut no data on this point are available. 
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ami expense, search was first of all made to see whether any such 
records existed already. It was considered that a study of existing 
records would enable definite points to be investigated in slaughterhouse 
tests and records of growth to be undertaken later and so render un- 
necessary much preliminary work with consequent waste of time and 
material. 

With this object in view the catalogues of Agricultural Shows have 
been searched to find records of the weights attained by the various 
breeds of cattle. Unfortunately no complete record of cattle in a 
’“breeding” as distinct from ‘‘fatted” condition has been found, the 
Koval Agricultural Society of England keeping no records of their 
shows. 

The most complete and almost only data that have been published 
are those of the Smithfield Club of stock exhibited at the fat stock 
shows at Islington'. Copies of these records from 1893 to 1013 both 
inclusive have been obtained through the kindness of Mr E. J. Powell, 
the Secretary, and they form the basis of the present paper. 

The animals exhibited at this show are probably maximum averfige 
specimens of their breed and arc representativo, tlnis forming better 
material for comparative pui’poses than would be obtained at any local 
show. Records taken from a local show tend to give undue prominence 
to the local breed. 

The records are of fat animals and so tlie qiialitie.s of "growth” and 
'‘ability to fatten” are combined and it should be remembered when 
studying the results given below that the increase of weight is the result 
of these two factors. Although this fact renders the results of less value 
scientifically, as there must be uncertainty as to which factor is involved 
- growth or fattening — yet from a practical standpoint it is of the 
utmost value as these processes generally take place concurrently. 

The weighing and recording of weights at the Hrnithfield Show have 
been carried out very accurately and are reliable. Mistakes however are 
possibly sometimes made, but the number.s of individual.s of which 
records are obtained preclude possibility of the average being affected to 
any great extent. In addition to the record of weight, the age of each 
animal exhibited is stated, thus making the record doubly valuable. 

Two series of competitions exist: (1) the live classes and (2) the 
carcase classes. In the first series a record is kept only of the age and 
gross weight attained by the animal. It is divided into groups fon each 

‘ If other Agricultural Showa would keep such Jecorda they would do much towards 
accumulating data which would be invaluable when treated statistically. 


16—2 



*236 Relative Growth and Development of Cattle 

breed (including one for cross-breeds) and these again subdivided into 
classes for different ages and sexes. 

In the second series (carcase classes) in addition to a record of 
and gross weight, details are given of the weight of the carcase, hide, 
head, heart , etc. after slaughter. This series is divided only into classe.s 
for the different ages and sexes. When compared with the number of 
exhibits in the live classes the entries for this series are very small and 
especially so in view of the fact that it is on the carcase .result that: 
.selection in breeding should depend. 

It should he remembered when discussing the results shown below 
that the animals here referred to have been specially treated and fed 
for '‘Show’’ purposes and that the conclusions drawn only apply to 
animals so treated and whll not necessarily apply to ordinary farm 
stock produced on economic lines although the results here obtained 
will form a basis for the study of growth and fattening under ordinary 
farm conditions. 

Long' lias criticised the uneconomic production of meat as exhibited 
at ^mithheld, especially with regard to the gains produced in the second 
to third year of life and the large differences in weight that exist between 
the animals shown in the live and carcase classes. Otis^ who examined 
joints and did cooking tests from prize winning cattle at Chicago also 
came to the conclusion that “ our improved breeds of beef cattle were 
getting to contain so large a percentage of fat that they were not so 
profitable from the butchers’ standpoint as a plainer bred steer.” 

If the Smith field Show aims at picking out the best type of animal 
for the butcher it would appear to be essential that all cattle exhibited 
there should be tested by slaughter and carcase competition in addition 
to their appearance while alive. 

Methods. 

The details given in the records quoted above have been treated 
statistically so as to give information on various points it w^as desired 
to investigate. 

Weights throughout have been calculated in lbs, and decimals of 
a lb.; ages have been calculated in months and weeks. 

In order to a\oid confusion when discussing the results of the in- 
vestigation below, the following account gives the methods by which 
the tables given in the text have been compiled 

* Long. Jmrn. Bd. vj Agric. and Fisheries, Vol. 21, April, 1914. 

* Otis. Kansas Sia. Bui, No. 118, I90:i. 
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Table I has been compiled from the iccords of the Show direct. WeiglH shave 
been converted from cwte. and qts. as given in the records to lbs. and tleeinnds 
of a lb. 

The groups ’'2 years old,” and “2-3 years old,” eoirespond with the divisions 
into classes at the Show. Tn the earlier years of the Show, classes were open for beasts 
nf "3 years old and upwards,” but these have not been ineluded, except in the ease 
of Highland cattle for which classes have been opcai (o (ratth' of “uiulei' 3 years <i1d " 
and ”3— t years old” so that these cattle are a year older Ilian (he other breeds. 

The material has been groupc'd into three seven year periods Tcriod I from 
1893 to 1899 both inclusive; Period II from 19(J0 to lOOd both inclusive; and 
Period III from 1907 to 1913 both inclusive. 

The average for each of these periods has been calculatid separatidy and the 
mean for the whole 21 years shown in the last column. 

The number of individuals from which the average has beim ealenlatwi is staled 
as a measure of the accuracy of the average. .Averages caleiilateil from less Ihaii 
40 beasts are shown in italic type. The jirobable error of th(‘ mean has been calculated 
in a number of qases (see Table A). Part 1 of the table h1io)V.s tln^ avin-ages for stiH'rs 
and Part II the averages for heifers. 


Table A. Lice weight of caiUe: prohabk error of the me<(n in Ws. 



Steers 

lle 

ifei's 

Breed 

22 months 

33 nioiilhs 

22 months 

33 nioiit lis 

Shorthorn ... 

r>b2 


22- 37 

8'32 

Aberdeen Angus ... 

6-73 

8-78 

28-5.5 

701 

Welsh 

6-91 

8'07 

■tS'l7 

12 18 

Aberdeen Angus x 
Shorthorn $ 

12-33 

23-57 

11-92 

iH-nu 

Shorthorn x 

Aberdeen Angus ? 

9-63 

If) 19 

1 1 -83 

17 76 


Table 11 has been calculated from the “Average” eoluinns of Talib* I to eliminate 
the variation in age at which the breeds were exhibited. Correelions liave been nnwb' 
by calculating the rate of growth per week in each breed (the weight at birth being 
taken as zero) and by adding or subtracting the number of weeks’ growth requii’etl 
to complete 22 or 33 months. For example: Devon steeis of “under 2 yeais” in 
Table I show an average age of 21 months, 3 weeks, and «Tn average w('ighl of 
1203-9 lbs.; this is an average rate of growdh of 14 lbs. per w<‘ek; the addition of 
one week’s growth to complete to 22 months brings tlie average of l><‘von steers to 
1217-9 lbs. as shown in Table II. 

As the rate of growth slackens with increasing age this method will not give 
quite accurate results, more especially for animals between 2 and 3 yc-ai-s old. 'I be 
rate of growth was therefore calculated for animals of 33 mi:)nths on the basis of (lie 
difference between the weight at “under 2 years old" and at “2-3 years old.” ’’llus 
how'ever made but little difference (about "> lbs. on tlie ava-rage) in tlie I’csnlts i-xeept 
in the case of the South Devons in which it amounted to 30 lbs. but whieli n-suli 
would ill any case be unreliable owing to the small numbers exbibitt-d. 
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The averages calculated from less than 40 individuals are shown in italic type. 
The weight at birth has not been allowed for as few records exist (apart from those 
given by Tomhave and Severson^ for Shorthorns and Aberdeen Angus, by Hulae 
and Nevena^ for Jerseys and Friesians, and by Stewart® for Shorthorns) of the 
average weights of the different breeds and sexes at birth. It was decided to neglect 
the weight at birth rather than to subtract a round figure of aay 75 lbs. in each case, 
inx'spective of breed or sex. 

TsLble III has been compiled from the records of the carcase competitions direct. 
The weights have been converted from cwta., qra. and stones, as given in the reeorda 
of the Show, to lbs. and decimals of a lb. Ages are stated in months and weeks. 
The subdivision of breeds into “heifers” and “steers”; “under 2 years old” and 
“2-3 years old” corresponds with the division into classes at the Show. 

The records have been divided into the same 7 year periods as shown in Table 1, 
but, owing to the small numbers exhibited, only the averages for the whole 21 years 
are given here. 

In each case is stated the number of beasts from which the average has been 
calculated and also the average age. Where the average has bee» calculated from 
under ten individuals it is shown in italic type. 

The following is an explanation of the headings given to the various columns 
of this table which, with the exception of the first, are the parts into which the 
animal is divided after killing: 

Live weight. This consists of the live weight of the animal as it is sent to the 
Show. During the period 1895 to 1902 the “live weight on arrival” and also the 
“fasted live weight” were shown separately. Only the “live weight on arrival” 
has been used in this paper and no figures for the “fasted live weight” have been 
included, > 

Curcuse weigJd. Consists of the dreased carcase of the ajiimal after it has been 
killed and the parts mentioned below have been removed. 

Suet fat. Consists of the suet, caul (omentum), and reed (abomasum) fat. 

Gut fat. Consists of gut fat and trimmings. 

Tongue. Consists of the tongue and tail. 

Head. Consists of the head and feet 

Heart, Consists of the heart, liver and lights (lungs and trachea). 

Tripe. Consists of the tripe (rumen), fleck (manifold or 2nd stomach) and reed 
(abomasum) w'eighed together with their contents but minus the watery contents 
which drain away. 

Hide. Consists of the hide alone. 

Blood. Consists of the blood alone. The weight of this was only recorded from 
1895 (when the carcase classes first started) until 1902. All the figures for blood 
therefore have been shown in brackets as they are not averages for the whole period. 

Intestines. Consists of the intestines only, weighed after they were separated 
from the gut fat and after the bulk of their contents had been stroked out. 

Unaccounted for. Consists of the weight unaccounted for when the sum of the 
weight of the foregoing parts (with the exception of blood) has been subtracted from 
^ Tomhave and Severson, Pennsylvania 8ta, Bpt., 

* Hulse and Nevena. Illinois Agric. Sta. Circular, 1917, 

® Stewart. An. Sci. BuL, Roy. Agric. College, Cirencester, Nos, 4-5, 1912-13, 
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the live weight. It will thua include the blood, loss of water by evaporation, water 
content of stomach, contents of intestines, loss of weight on cutting up as well as 
the loss in weight that occuis in the animal between the time that it veaelies the 
j^how and the time of slaughter. From the amounts giv(‘n in the following tables 
it will be seen that blood accounts for about per cent, of the live weight. In meat 
killed for the Army^ 1 j per cent on all fresh meat is allowed for shrinkage in weight 
due to loss in evaporation and cutting up. The remainder of the loss - about 
4^ per cent— is distributed among the other factors meutioneil above. 

The method of killing and w^eighing the animals exhibited at the Show has Imhui 
the same during the whole of the peiicHi under review' and has been superintend id 
during this period by Mr J. Woodward to w^hom I am indebted for many of the details 
given above. 

Table IV has been calculated from Table Til in the same way that Table 11 has 
been calculated from Table I, by adding or subtracting tiie weekly rate of growth 
of the organ which would be required to complete to 22 or 22 mouths. In Table UI, 
for example, the suet fat of Aberdeen Angus steers of 21 mouths 2 weeks old is 
shown as 14-() lbs.; this works out at an average rale of iiicix^ase of (I- la lbs, per 
week; adding2 weeks’ gi’owth to complete to 22 months luirlgs tlie average of Aberdeen 
Angus steers to 14'9 lbs. as shown in Table IV. The same remarks coneeriiing the 
method apply as stated under Table II above. All averages calculated from undtu- 
ten individuals have been shown in italic type. 

Table V has been compiled from Table IV by calculating the various organs 
and tissues as percentages of the live weight. Thus for the suet fat of Aberdeen 
Angus steers of 22 months 

14'9 lbs. (suet fat) x 100 
1233-5 ibs. (live weight) “ ’ , 

as shown in Table V. 

At the end of this table an average has been compiled of all th(! animals exhibited; 
for example; the figure 04-27 per cent, for carcase weight of steers of 22 months has 
been arrived at by averaging the sum of 30 Aberdeen Angus at (34-23 = 1929-90; 
3 Red Poll at 60-32 = 180-96, etc. 

All the averages calculated from under ten individuals have been show-n in 
italic type. The probable errors of the means have been calculated iii a few cases 
and are shown in Table B. 


Table B. Carcase weight of cattle : prubable error of owan 
in 'per cent, of live weight. 

Un- 


Breed 

Age 

months 

Carcase 

Suet 

fat 

Gut 

fat 

Tongue 

Head 

Heart 

Tripe 

H ide 

Blood 

In- 

tcHtine 

uci’ciuated 

for 

('iilloway . 

... 33 

■342 

•047 

■084 

■009 

■032 

■04.5 

•113 

■073 

■039 

•029 

■322 

•tterdmi 

•tngus . 

.. 22 

•267 

■041 

■081 

•010 

•042 

•033 

•170 

•077 

■044 

•044 

•186 

•Aberdeen 

Anglia , 

.. 33 

•394 

■047 

■150 

•015 

■040 

■0(Ki 

■275 

•110 

■093 

■040 

■312 

Welsh' 

... 33 

■323 

■034 

•065 

•008 

•030 

■027 

■130 

■086 

■030 

•042 

■188 


i Eastern Command Order, No. 2764 of 1917. 
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Table VI (ti) has bt^en calculated by inethofls explained under Table II above 
from data given by Voitellier^ collected at French Agricultural Shows. It has l)een 
shown in italic typt“, aa the small nuinbcra from which it has been compiled render 
the results unreliable. 

Table VI (i-) has been calculated by the methods explained under Tabic II 
al)ove from data given liy Lydtin'^. 

Table VII lias been calculated from Table 11 by expressing the weight of the 
heifers as a percentage of the weiglit of the steers of the same age. Thu,s, for Herefiinis 

The nuralMU's from which the results have been calculated are given aa a guide 
to their reliability. VVhcic the numb(>r of individuals comjiarcd on either side is 
h^ss than 20 the result is shown in italic type. 

The probable error has been calculated from the formula 
[Pp.oiPf [PeolM^f {PtoiM.f 
P^~ 

where F - percentage of . In the case of Aberdeen Angus of 33 months it 

is ;i; 0 /)97 per cent. 

Table VIII has been calculated from Table 11 in the same w’ay as the preceding 
table, by expres.sing the weight of each se^x at 22 months as a percentage of the 
weiglit of the corresponding sex at 33 months. The numbera from wdiich the results 
hav(“ l)e(‘n calculated are given aa a guide to their reliability and, where the numbers 
of iiulividuals compared on cither aide are less than 20, the result is shown in italic 
type. 

The probable error has been calculated (from the same formula as in the last 
table) in the case of Aberdeen Angus steers and is 0'53G per cent. 

Table IX has been compiled from the records of the Show direct in the same 
way as Tabh' 1. [n column one the male parent of the cross has been given first in 
each east\ Where tlic av(‘rage lins been calculated from less than 20 individuals the 
result is shown in italic type. The probable error is approximately 15 lbs. for the 
Aberdeen Angus-8hoi‘thorn cross (see Table A). 

Table X has been ealeulatt d from Table IX in the same way as Table II has been 
eompihxl from Table I (see above). The same remarks apply as in Table IX. 

Table XI lias been compiled from Table II by taking the mean between the 
averagi's for the two breeds concerned. Cases where the mean has been calculated 
on eitlu'r side from less than 50 individuals have been shown in italic type. 

Table XII has been calculated from Table X in the same way as Table VH 
(see above) has been compiled from Table II. The number of animals from which 
the ri'sults are calculated an' givj'n as a guide to their reliability. Where the figures 

ealeiilated on either side from less than 20 individuals the results are given in 
italic type. 

Table XIII has bt'cn ealeiilated from Table X in the same way as Table VIII has 
been calculated from Table II. Where the figures are calculated on cither side from 
less than 20 individuals the results are given in italic type. 

^ VoitelHer, Ann. &ti. Agron., No. 1, 1914. 

* Lydtin. Arbeit, d. Dtui. Landiv. Gtud., Heft 90, 1904. 
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Table XIV has been compiled direct from the records of the Show in the same 
way as Table III (see above); the male parent of the cross is shown first in column one. 
Where the averages have been calculated from less than ton individuals the resuiis 
iue sliown in italic type. 

Table XV has been calculated from Table XIV in the same way that Table IV 
(see above) has been compiled from Table III. Where the averages are calculated 
from less than ten individuals the results arc shown in italic type. 


Table XVI has been compiled from Table XV in the same way that Table V 
(see above) has been compiled from Taljle IV. Results calculated from under ten 
individuals are shown in italic type. 


Table XVII has been prepared direct from the records of t]u> Show by first 
correcting the weight of each animal for age (see T'able 11 above). The standard 
deviation has then been calculated on these corrected figures according to the 

formula coefficient of variability calculatid according 

to the formula ^ . The number of animals on which the calculation is based has been 


given in each case. Results based on under 30 individuals are shown in italic type. 
The average given at the end of the table has Ixm compiled direct from the figures 
for each breed and the number of individuals concerned has not been taken into 
account. 

Table XVIII has been calculated in the same way as the previous table, but tlu‘ 
animals have been grouped according to the “period'’ in which they were exhibited; 
the ‘‘mean” uwhI in the calculations being the mean of the “period” concerned and 
not the mean of the whole 21 years. 

Table XIX has been prepared direct from the records of the carcase i)om()etif ions 
of the Show' by first correcting the w'eight of each animal for age (see Table II above), 
then converting the weights of the various organs to pereiuilages of Jive weights 
(see Table V above); the standard deviation and coefficient of variability bi ing 
calculated in the same way as in the two previous tables. 'I'hc average at tin* end of 
the table has been prepared from the figures for each bn'ed, the numbers of individuals 
concerned in each case not being taken into account. 

Table XX has been compiled from the records of the earease competitions of 
the Show by first correcting the weights of caeh animal for age (see Table IV above) 
and then converting the weights of the carcase and various organs 1o percentages of 
the live weight (see Table V above). The following groups have been treated in this 
way — Aberdeen Angus steers of 22 months old and 33 [noiiths old, Galloway sU'ca’s 
of 33 months old and Welsh steers of 33 moiitlis old. Each of fhesi* groups has 
been arranged in order of proportion of some particular organ aelccted for corrfs 
latiou au<l then divided into as far as possible three equal classes: (1) liighesl, 
(2) average and (li) lowest. In the case of Aberdw'ii Angus steers of 22 months the 
ten animals with the highest proportion of tripe w'ould he classed under (1); the 
ten with the lowest proportion of tripe under (3) and the remainder under (2). The 
weights of the various organs of animals falling into each class wei-e tlieri averaged 
separately. In this way each organ and tissue lias been taken in turn and the indi- 
viduals arranged, grouped and then averaged. 

As the numbers for each breed exhibited were too small to give by themselves 
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a reliable reault, the whole have been combined by averaging the “highest” groups 
of each breed and by treating the “lowest” and “average” groups in the same 
way. The total number of individuals on which the calculation is based is shown in 
the second column of the table. 

Table XXI has been compiled from Table 1 by correcting for age (see Table JI) 
in each of the averages of the seven year periods. 

Table XXII. The records on which the tigurcs for 1840-42 are based are those 
<jf the Smithfield Show published in the Farmer's Magazine for those years. The 
1893-1913 “live” class weights have begn calculated by taking 04 % of the live 
weight aa shown in Table 11. The 1893-1913 “carcase” class weights for loose fai 
are the sum of the gut fat and auet fat wdtli “ trimmings.” 

Table XXIII has been prepared from Table III by correcting for age (see 
Tal)lc IV) in each of the seven year periods of the Aberdeen Angus, Gallow^ay and 
Welsh breeds. The results have then been turned into percentages of the live weight 
and the whole averaged. 

Table XXIV has been compiled direct from the records of the Show by first 
correetiiig for age (as described in Table II above) the weight of each steer of the 
following breeds— -Welsh, Shorthorn and Aberdeen Angus, From these corrected 
ligur(‘.s the weights of the steers of the same age and breed were averaged separately 
for (‘Hch year. The diticrcncc between this yearly average and the average for the i 
breed as a whole (see Table 11) is showm as a -f or - quantity in this table. The 
seventh column givos the difference between the yeaj'ly average rainfall of England 
iuul "Wales^ and the average for the period 1893-1913, In the same way column eight 
gives the difference for the combined turnip and mangold crops and column nine for 
the combined permanent and temporary hay cropa“®. 


Results. 

The lesults of tlio iiivestigatton are considered below in sections 
under various headings. These -Breed, Sex, Age, Cross-breeding, Selec- 
tion, Individual Variation, Correlation and Season -comprise the different 
factors which it was considered might have an effect on growth and 
development. 

In general, the results obtained from the “live” classes for actual 
gross weight have been cojisidered first and afterwards the proportional 
development as shown by the “carcase” classes has been discussed. A 
number of the conclusions arrived at below should be considered as 
tentative only owing to the small numbers on which the results are 
based. As however practically no data are available concerning these 
points it was considered that the publication of even tentative con- 
clusions would be better than none at all. 

^ VrUisk Hainfall, Symonds and Wallia, London, 1893-1913. 

* Agrk-iihural Returns for Great Britain, Bpard of Agriculture and Fisheries, 1893-1913. 
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Breed, 

Table I shows Jhe averages of the “ live” classes exactly as calculated 
from the records of the Show. A study of this table will show the 
popularity of the various breeds, according to the numbers exhibited, 
and the usual age at which the beasts are exhibited; but is not reliabh 
as a comparison between breeds and sexes because of the variation in 
the average of the ages. 

Table 11 has therefore been prepared to eliminate the differences 
duo* to age, and shows all breeds calculated for the purpose of conn 
parison to the same ages, namely 22 and 33 months. 

Table II. ComparoHve weights of different breeds of cattle. 


Weights in lbs. and decimals of a lb. 




22 months 



33 months 
^ 


Bleed 


Steers 

No. 

Heifens 

No. 

Steers 

No. 

Heifers 

South Devon 

.V 

1512-0 


— 

31 

1988-8 


— 

Shurthoni 

187 

1410'4 

11 

1316-9 

161 

1859-0 

118 

1688-6 

Hereford ... 

l.-}0 

1383-9 

20 

1282-3 

lU 

1845-3 

58 

1587-9 

Sussex 

T89 

1.389-0 

■S 

1312-5 

165 

1797-8 

101 

1 636-7 

Highlanrl’^ 

IK) 

143r)-:i 

24 

1332-1 

170 

1785-1 

95 

1481-1 

A\K‘rdcen .Angus... 

193 

1301-7 

9 

1 ■288-8 

155 

1774-5 

155 

InOO-.i 

Welsh 

I3r> 

137M 

S 

1-261-5 

228 

1691-8 

96 

14839 

Red Poll 

(ih 

1270 -2 

3 

1207-6 

77 

1630-4 

57 

153.3,1 

(jialloway... 

98 

1219-0 

f 

1270-5 

120 

1598-2 

79 

1349-3 

Devon 

KH> 

1217 9 

5 

1242-4 

186 

1564-6 

71 

1409-9 

Kerry 


760-5 

2 

918-3 

22 

1089-1 

13 

m 0 

Dexter 

87 

819-0 

13 

798-8 

99 

1029-5 

65 

919-2 

Lincoln Red 


1363-5 

2 

1524-7 



— 


Ayrshire 

t’ 

1042-4 

~ 

— 

- 

- 

- ■ 

- 


• One year older. 


Table VI (r^), Weights of French breeds of catth. 


In lbs. 



22 months 



33 months 



Males Females 

Males 

Females 



^ 




Brt-ctl 

No, Weight No. 

Weight 

No, 

Weight 

No. 

Weight 

Charollai.se 

... 1 ns2 1 

1205 

1 

2030 

1 

1230 

Durliams 

... 8 1641 3 

1113 

3 

1912 

2 

1361 

Hollandaise 

... — — i 

1203 

4 

1SH5 

1 

1212 

Norm unde 

... 13 1758 4 

1144 

IS 

1866 

4 

1201 

Partlienaisc 

... 4 1489 2 

1161 

4 

1553 

5 

1291 
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Table VI (fe). Weights of German breeds of catlk. 

In lbs. 

22 months 33 numtli.s 

Bulls Bulls Cows 

Breed Ko. Weight No. Weight No. Weight No. 

Large light coloured Mountain 


(Simmenthal) 

5 

l(il5 

4 

1357 

S 

1S71 

30 

1379 

BUok and white German Lowland 









(Friesian, Jeverland.Wesermarsh) 

2S 

im 

10 

1016 

IS 

1723 

11 

I27S 

pitizgau ... 

2 

11 fir 

2 

m 

1 

17 IS 

2 

1262 

Pedigree Shorthorns 

2 

131S 

1 

1066 

2 

1591 

:i 

1302 

(irev-brown Mountain (Allgau) 

3 

1320 

1 

1046 

6 

mo 

4 

1 192 

Red and while Holstein 

3 

1357 

~ 

— 

S 

167)0 

9 

1 153 

Lominon Shorthorns 

1 

Ilia 

- 


3 

1712 

/ 

1197 

Yellow Franken 

i 

1263 

3 

S,S4 - 

__ 

— 

1 

1217 

Red East Friesian ... 

n 

1190 

— 

— 

_ 

-- 


1 155 

Red Cattle of Central Germany ... 

3 

1019 

7 

757 

;? 

13S6 

2 

lull 

.\ngeln ... 

5 

902 

— 

— 

/ 

1126 

1 

972 


Comparing the size of the various breeds it will be seen that in steers 
of 113 months old the South Devons are hv far the heaviest; the Short- 
horns come next, followed by the Hereford, Sussex, and Aberdeen 
Angus in the order named. There is then a fairly large gap of approxi- 
matel}' 80 lbs. before coming to the Welsh breed and below this coim>s 
another group in the following order: Ecd Poll, (laliowiiy and Devon. 
Highland cattle of approximately the same age come next, interino<liate 
between the large and small breeds. The latter - -t lie Kerry and llie 
Dexter — are some 400-500 lbs. lighter than the Devons in weight. 

Heifers of the same age show much the same vaiiatious as the fore- 
going. Hereford, Welsh and Galloway females however take a lower 
relative place in the table. This is probably due to the large sex dilTer- 
ences which occur in these breeds. 

When steers of 22 months old arc compared, the breeds come in mmdi 
the same order as at 33 months old. The Sussex, Welsh and Dexter 
breeds however take higher relative positions wliich bring them above 
the Hereford, Aberdeen Angus and Kerry breeds respectively, 

Concerning heifers of 22 months old little can be said as tin*, small 
numbers exhibited make comparisons unreliable, They show however 
in a smaller degree the same sex diffei-ences as have been referred If) 
above for heifers of 33 months old. 

It is interesting to compare the weights given in 4'able II with those 
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compiled by Watson and Harrison ' for cattle exhibited at the Inter- 
national Live Stock Exposition, Chicago in 1907-^ and 9. These authors 
show the average for two-year-old steers as follows: Herefords 1(139 lbs,, 
Shorthorns 1617 lbs., Aberdeen Angus 1571 lbs. and Galloway U37 lb,. 
It will be seen that in America the Hereford is larger than the Shorthorn, 
and that even when allowance has been made for the fact that thev 
are two months older, the American breeds are each some 200 Ik, 
heavier than the i^ritish type. 

It is dJso iiitorestwg to coiTipare Table II with the weights attained 
by Continentai breeds as shown ia Table VI (a). This table has bcpfi 
compiled from data collected by Voifcellier^ who weighed and measured 
many of the prize cattle exhibited at the French Agricultural Shows in 
1912. The sexual differences here are greater than with British breeds 
because the weights are of uncastrated animals. It will be seen that the 
males are much heavier but the females weigh less than those of the 
British breeds. Unfortunately no records are available for cattle shown 
under the same conditions as at Smithfiold. 

Pusch^ gives the average weight s of bulls and cow'S of the various 
breeds of German cattle but states only round figures and does not give 
the exact age or weights on which his figures are based. Uydtin^^ 
however collected data of the weights of German cattle, not in “show 
condition, and from his data, Table VT (b) has been compiled. The 
same remarks apply as in the case of the French breeds. It would he 
interesting to compare the weights of these “show cattle as given in 
Table IT above with the w^cights attained by the ordinary run of cattle 
kept for the economic protluction of meat. Meek^ studied the growth rate 
of ordinary Shorthorn cattle but his paper I have been unable to obtain. 
Table 111 shows the average of the “carcase^’ classes exactly Jh calcu- 
lated from the records of the Show; it docs not form a reliable basis for 
a comparison between breeds however owing to the variation in the 
average of the ages at which they were shown. Table IV has therefore 
been prepared to eliminate the differences due bo age and this table shows 
all breeds calculated for the purposes of comparison to the ages of 22 and 
‘d‘6 months. 

1 Watson and Harrison. Breeder, Gnz., No. 1 8, 1910 (quotorl from Exp. Sta. Re^rd, 23). 
As thfse authors state that the American are not so heavy as the English type.s of the same 
breed it is difficult to reconcile their statements unless the ages have been misquoted. 

2 VoitelUcr. Bui Mens. d. I'OJf. Renseignemeni^ Agricoks, Year 12, No. 1, Jan. IJIJ. 

® Pusch. AUgemeine Tkrzuchf, Stuttgart, 1911 

* Lydtin. ,4rft. Deut- Landtc. Ges.^ Heft 90, 1901. 

5 Meek. Veierinariany Vol. 7A, 1901. 
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If the average “live weight as calculated in this table is compared 
with that shown in Table II for the corresponding age, breed, and 
sex, it will be seen that the former is very much less in almost every 
case. 

While Sussex steers of 22 months are actually a few pounds heavier 
iji the “carcase” than in the “live” classes, Aberdeen Angus steers of 
the same age are some 130 lbs. and at 33 months some 260 lbs. lighter 
than in the “carcase” classes. Welsh steers of 22 and 33 months are 
130 lbs. and 190 lbs. lighter respectively, and Galloway steers are 80 lbs. 
and 140 lbs. lighter respectively in the “carcase” than in the “live” 
classes. 

It would thus seem that two different types of animals are shown, 
one for the “Hve” and another for the “carcase” classes. Possibly the 
amount of fat required to please the judges in the “live” classes is not 
conducive to a good carcase, or possibly the best beasts are not entered 
for the “carcase” competition. At any rate there seems to be a difference 
between these two competitions which should not exist if they are both 
designed to demonstrate the best quality and most economical beef 
animal. 

This difference in weight between the two competitions has been 
already brought to notice by Long^ who attributes the differences to 
surplus fat in the “live” classes, Powell^, however, iji defence of the 
system says that “because animals arc brought to the show in such 
condition, there is no reason why they should never he killed until in 
that condition; and such a breed that will get so excessively fat, will 
certainly become moderately so, sooner than another breed that can 
never be overfed to such a pitch with any degree of attention that can 
be bestowed upon it.” If all cattle exhibited at the Show were subjected 
to the carcase test no doubt excessive fat would be eliminated. 

In order to obtain the proportions of the various organs and tissues 
the actual weights of the carcase and different organs have been cab 
culated in percentages of the live weight and arc shown in Table V. The 
various breeds differ considerably in the proportion of carcase produced 
hut in many cases the number of animals from which the results are 
calculated is too small to be reliable as a large amount of individual 
variation exists (see Variation below). Only those breeds are referred 
to here which have been exhibited in sufficient numbers to justify 
tentative conclusions being drawn. 

' Ijong. JtJVJTi, Bd. oj Agric, and Vof. 21, April, 1914. 

® PowelL History oj the, Smiihjkld Club, London, 1902. 
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The following Table C gives the order of the breeds according to the 
proportions of their parts, calculated on the average weights of steers of 
22 and 33 months. The breeds at both ages have also been considered 
separately in this way and much the same order is maintained whichever 
age is selected. 


Table 6. Order of breeds as regards 'pro'portions of parte. 
Highest per cent, shown first. 


Order 

Carcase 

Suet fat 

Gut fat 

Tongue 

Head 

Heart 

1 

Shorthorn 

Welsh 

Welsh 

Galloway 

Galloway 

Welsh 

2 

Sussex 

Galloway 

Galloway 

A. Angus 

Welsh 

A. Angus 

3 

A. Angus 

Shorthorn 

Shorthorn 

Sussex 

A. Angus 

Galloway 

4 

Galloway 

Sussex 

Sussex 

Welsh 

Sussex 

Shorthorn 

5 

Welsh 

A, Angus 

A, Angus 

Shorthorn 

Shorthorn 

Sussex 

Order 

Tripe 

Hide. 

Blood 

Intestine Unaccounted for 

1 

A. Angus 

Welsh 

Welsh 

Shorthorn 

A. Angus 

2 

Galloway 

Sussex 

Galloway Galloway 

Galloway 

3 

Shorthorn 

Galloway 

A. Angus Sussex 

Welsh 

4 

Welsh 

A. Angus 

Sussex 

Welsh 

Shorthorn 

6 

Sussex 

Shorthorn 

Shorthorn A. Angus 

Sussex 


It will be seen that certain parts of the body are more or leas corre- 
lated j for example, suet fat and gut fat in which the breeds stand in the 
same relative order, and also heart and blood in which approximately 
the same relative order is maintained. As regards intestine the differences 
between breeds are very small. 

Kennedy^ who compared beef with dairy breeds found that the 
dairy type had the higher proportion of offal and lower percentage of 
dressed weight as well as a higher percentage of fat in the internal organs. 

The underlying causes for these breed differences are undoubtedly 
the standards laid down by the Breed Societies and the amount of atten- 
tion which has been paid to the slaughter test in the selection of breeding 
animals as well as the conditions under which the animals are reared. 

Sex. 

Some of the variations due to sex have been referred to above 
and arc so great that it is remarkable that they have not received more 
attention. The sex differences are shown in Table II, and from this 
Table VII has been prepared co show the relative weights of the sexes 
of the different breeds at the ages of 22 and 33 months. In each case 
the weight of the heifer is shown as a percentage of the weight of the 
^ Kennedy et al. lovxi Sta, Bui, No. 81 , 1906. 
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steer at the same age. In many cases the figures given are unreliable 
owing to the small number of individuals from which they were calcu- 
lilted and these are shown in italic type. 


Table YII. Cattle —relative weights of the sexes. 




22 months 



3!l months 



Stcera 

Heifers 

s 

toers • 

Heifers 








Breed 

No. 

Weight 

No. 

Weight 

Xo. 

Weight 

N..', 

Weight 

Rwl Poll 

05 

100 

S 

9i-0 

TT 

100 

57 

94' 1 

Sussex 

189 

10(1 

8 

915 

16.5 

100 

101 

91 0 

Sliorthorn 

187 

100 

n 

931 

Uil 

100 

U8 

90-8 

Kerry 

8 

100 

2 

120-7 

22 

100 

13 

00-7 

Al^erdeen Angus . . . 

m 

100 

9 

01-0 

153 

100 

1.55 

901 

Devon 

no 

JOO 

5 

W2-0 

186 

100 

71 

90' 1 

Dexter 

87 

100 

U 

97’i 

99 

100 

65 

89-2 

Welsh 

h% 

100 

s 

02-0 

228 

lot) 

96 

87-7 

Hereford 

150 

100 

20 

02'6 

114 

. 100 

58 

8,5-S 

(Ttvlloway 

98 

100 

/ 

101-8 

120 

1 00 

79 

84 4 

Highland* 

116 

100 

21 

92-H 

170 

100 

95 

82-9 

Lincoln Red 

2 

100 2 ms 

* One year older. 


— 


— 


When considering this table it should be remembered tluil a castrated 
male is being compared with a female; further investigation is reijuired 
before it can be ascertained how much of this difference is due to sex 
and bow much to the effect of castration. 

The effect of castration on growth and weight for age is yet far 
from, settled. Knight^ found that neitlier early nor late castration 
materially affected the weight of Deccan bullocks although it led to greater 
proportional development in the hind (^uarfers of early as compared 
with late castrated animals. 

Recently, since cattle have been sold by weight on the system of 
“grading,” several farmers have not castrated their calves believing that 
they would thereby increase the weight of the animal when sold fat. 

Tandler and Keller^ found that the removal of tJie sex glands in 
young cattle affected their conformation considerably. 

Schuppli* gives for two breeds of cattle the following average weights 
of l^ulls, steers and heifers at 2|- years old : — 



BuUa 

Steers 

Heifers 

Breed 

Ihs. 

Ihs. 

lbs. 

Mnrboden 

1485 

10S2 

KJIO 

Pinzgau 

1507 

1181 

1019 


' Knight. Dejd, Agric., Bomhay, Bill. 61, 1014, 

* Tandler and Keller. Arch, fiir hJnfmrklungji., Bd, 31, 1010. 

^ Scliuppli. Jakresb. Steimndrk. Lnndw, Lnn<leA-J,ehran-'^t., 1911 (uhs, in But, Inter. In,</t, 
Borne, No, 8, 1912). 
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If the weight of the steers of each breed is taken as 100 and the 
weight of the bulls and heifers calculated as a percentage of it the fol- 
lowing result is obtained: — 


Breed 

BuUs 

Steers 

Heifers 

Miirboden 

137-2 

100-0 

93-3 

Pinzgau 

127-6 

100-0 

86-3 


It will thus be seen that castration modifies the sexual difference 
considerably as regards weight and that steers are much lighter than 
hulls of the same age, 

Hainan and Marshall^ found with guinea-pigs that removal of the 
testes does not affect the growth of the animals before sexual maturity. 
In these animals however there is very little difference in weight between 
the sexes at maturity. 

Hatai^ who experimented wdth rats found that where, after re- 
moval of the sex glands, there is compensating growth of the pituitary, 
there is no overgrowth of the body or obesity but that these responses 
appear when enlargement of the hypophysis does not occur. 

Mackenzie and Marshall* also found with pigs that spaying causes 
increase in weight after the animals have reached a certain age and 
Hartmann'^ found with pigs that the effect of spaying was not seen 
in increased weight until the eleventh month of life. 

The evidence available seems to indicate that castration in the male 
causes decrease in body w^eight, while spaying in the females leads to 
increased weight. 

From Table Vll it will be seen that the various breeds at 33 months old 
differ by about 10 % in the relative difference in weight between the sexes. 
Ucd Polls show the least difference between the sexes (heifers 94*1 % 
of steer weights) followed by Sussex, Shorthorn, Aberdeen Angus, 
Devons and Dexter in the order mentioned. Increased sex differences 
are shown by the Welsh, Hereford and Galloway amounting to 87-7, 
80*8 and 84-4 % respectively. At 22 months old these sexual differences 
are not so marked. On the whole it will be seen that there are great 
differences in weight between steers and heifers at 22 months old and 
that these differences increase with age. With Herefords the difference 
at 22 months is 7-4 % whereas at 33 months the difference is 14*2 %. 

^ Hainan and Marshall. Proc, Roy. 8oc. B. Vol. 88, 1914. 

^ Hatai. Journ. Exp. Zool, No. 1, 1915. 

® Macltenzic and Marshall. Jtnirn. Roy. Ayri. Soc., Vol, 76, 1915. 

* Hartmann. Mitt. Ver. Dciit. Scfnreivezucht, Nos. 22-23, 1909 (quoted Irom Exp. Sia 
Record, 23 ). 
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It would appear also that the greater the sexual diflereoce at ‘22 luoatlis 
old the greater is the increase in the difference at 3;5 moatlis old. Thus 
with Herefords, as quoted above, with a difference of 7-1 % at i'l months 
the increased difference at 33 months is approximatelv 7 %, whereas 
with Aberdeen Angus where the difference is only .o- 1 at 2‘2 months 
the increased difference at 33 months is only 4'.o %, 

Thus difference in body weight between the sexes seems to vary in 
the same way as other secondary sexual characters (growth of horns, etc.) 
and to increase with age. 

It is difficult to account for these variations iii sexual differences be- 
tween breeds, but Pusch^ states that the sexual differences are greatest 
ill cattle kept for labour and least in Lowland cattle of the dairy breeds. 

Table VTII which has been prepared to show the relative weights at 
different ages .shows very clearly that the heifer as compared with the 
steer puts on a relatively greater proportion of its eventual weight 
during the first 2‘2 months of its life. About 77 % of a steer’s weight 
at 33 months is put on during the first 2‘2 months of its life whereas a 
heifer during this period would put on about 81 %. 

The growth period of castrated male as compared with female cattle 
is more prolonged, the former continuing to put on weight after tlie 
latter have slackened off. Whether this is due to sc.x or only to castration 
effect it is difficult on the present data to decide; it is a point iiowever 
which is worth further investigation. 

This re.sult confirms the finding of Watson and Harrison^ who investi- 
gated the records of the International Live Stock hlxposifion at (.'hicago. 
They found that females approach their final weigiit somewdiat faster 
than males, but the greater weight of tiie male is attained by greater 
daily gains being longer sustained than in the case of the female. 

Sex differences are shown not only in the gross weight of the animal 
but also in the relative development of its parts. For example it is 
well-known that both the size and shape of the horns differs considerably 
in bulls, cows and steers, Tandler and Keller® found that spaying 
young cattle altered their conformation considerably. The average pro- 
portions of the different sexes for all the individuals of the pure breeds 
exhibited are shown at the end of Table V and those of cross-bred 
animals at the end of Table XVL 

These averages are not altogether reliable guides as to the differences 

‘ Pusch, Allgemeine Tierzucht, Stuttgart, ISG, 1011. 

® Watson and Harriaon. Breeders Gaz.., No. IS, 1010 (quoted from Exp. Slu. Eeccfrd, 23). 

® Tandler and Keller. Zmtbl. Physiol., lid. 23, No. L’O, 1909. 
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between the sexes, for the tables are compiled from varying numbers 
of the different breeds and so include variations due to the proportions 
in which the different breeds were exhibited. If however these averages 
are compared with those of the breeds and crosses shown in roman 
type in Tables V and XVI it will be seen that the following tentative 
conclusions may be arrived at: — 

Carcase. Taken as a whole, steers show a slightly higher percentage 
of carcase weight than heifers. 

Suet fat. The results confirm the generally well-known fact that 
heifers have more internal fat than steers. Heifers of pure breed.s at 
22 months have approximately 1-7 % of suet fat as compared with 1-3 % 
for steers of the same age and at 33 months old have 1-8 % as compared 
with 1'5 % for steers. This difference however is not so obvious in the 
case of cross-bred animals. Cross-bred heifers at 22 months have T6 % 
suet fat as compared with 1 -5 % for steers and at 33 months old 1*8 % 
as compared with 1-6 % for steers. This helps to confirm the conclusions 
arrived at below (see Cross-breeding) that the effect of crossing is to 
obliterate sex differences (as is shown in extreme cases by mules). 

Gut fat. With gut fat, conditions are reversed, and the steer carries 
a slightly larger proportion than the heifer. 

Tongue and tail. The tongues (including tail) of heifers are larger 
in proportion by about T % than those of steers. Possibly this is brought 
about by the size of the tongue (and tail) tending to remain constant 
while the remainder of the body of the steer grows larger. Or possibly 
as with suet fab the tongue acts as a storehouse for fat more readily 
in the female. 

Head. The head is proportionately heavier in steers than in heifers 
and is probably correlated with the larger bone growth in males. This 
difference unlike that of most sexual characters decreases with age, being 
approximately *4 % at 22 months and •! % at 33 months. 

Heart. No difference exists between the proportions of the hearts of 
the two sexes at 22 months, but at 33 months that of the heifer is slightly 
larger. 

Tripe. At 22 months old heifers have about *9 % more tripe in 
proportion than steers and slightly more than this at 33 months old. 
In cross-bred animals the difference between tbe sexes is not so great. 

Hide. Both at 22 and 33 months old the hides of steers are about 
•5 % larger in proportion than those of heifers. 

Blood. Although the figures for blood are very meagre it would 
appear that at 22 months old steers have a greater proportion than 
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heifers while at 33 months the proportion in both sexes is about the 
same. 

Intestine. Heifers have larger intestines iii proportion than steers 
and this difference tends to increase slightly with age. 

“ Unacco'U'tited for” The amount of the animal unaccounted for at 
•22 months is slightly greater in proportion in heifers than in steers, but 
at 33 months old both are practically the same. 

The above sexual differences in the proportions of the body may be 
summarised as follows. Steers have a larger proportion of gut fat, head, 
hide, carcase {and blood at 22 months only), while heifers have a larger 
proportion of suet fat, tongue, tripe, intestine (heart at 33 months only), 
(and “unaccounted for” at 22 months only). 

Age. 

Table VIII which has been compiled from Table II shows the 
relative weights of cattle at different ages. In this tabic the weight at 
22 months has been shown as a percentage of the weight at 33 months. 
These figures show the relative values of the various breeds as regards 
early maturity (growth in weight), in addition however it will include 
the quality of ability to lay on fat and so weight at the older ages. 

Table VIII. Cattle —relative weights at dijferent ages. 

Steers Heifers 



22 

nonths 

33 months 

22 irumths 

33 months 

Breed 

No. 

”^ght 

No. 

Weight 

No. 

Weight 

No. 

Weight 

Welsh 

135 

81-0 

228 

100 

3 

S3-0 

9fi 

100 

Highland* ... 

lie 

80-3 

no 

100 

24 

89-9 

95 

100 

Dexter 

S7 

79-6 

99 

100 

13 

H6-S 

03 

100 

Red Poll 

65 

78-4 

77 

100 

.? 

7H'7 

37 

100 

Devon 

116 

77'8 

186 

100 

5 

SS-1 

71 

100 

Sussex 

189 

77-2 

165 

100 

rV 

HO '2 

W 

100 

Aberdeen Angus ... 

193 

76‘7 

155 

100 

0 

80-0 

155 

100 

Galloway 

98 

76-2 

120 

100 

4 

04^1 

79 

m 

South Devon 

S 

76-0 

31 

100 

— 

— 

— 

— 

Shorthorn 

187 

75-8 

lei 

100 

11 

7S-0 

118 

100 

Hereford 

150 

70-0 

114 

100 

20 

80-7 

58 

1(H) 

Kerry 

3 

70-1 

22 

100 

2 

U3-0 

13 

100 



* 

One year older. 






In steers of 22 months breeds stand in the following relative order 
as regards early maturity: Welsh (8['0%), Dexter, Red Poll, Devon, 
Sussex, Aberdeen Angus, Galloway, South Devon, Shorthorn, and 
Hereford (75-0 %). 



260 Relative Growth and Development of Cattle 

This order does not correspond to that which would be given bv a 
breeder if asked for a list of breeds in order of early maturity. It may 
be that the popular ideas are incorrect or that they are based on qualities 
other than weight. 

Heifers, although the data are rather unreliable owing to the small 
numbers exhibited, show approximately the same breed variations with 
the exception of slight differences probably due to sex; for example, 
Hereford heifers grow relatively less in the third year than Aberdeen 
Angus heifers (see Sex above) and so are more early maturing than the 
steers and take a higher place in the table. 

The investigations of Watson and Harrison' confirm this. They 
state that “the Angus approaches full weight more quickly than the 
Shorthorn ; this is true of both sexes. The Hereford figures correspond 
to the Shorthorn in the male and the Angus in the female, i.e. the earlv 
maturity of the female Hereford is accentuated.” 

Probably the above-mentioned order of early maturity is influenced 
by the ability of the breed to put on fat in the later stages of life; for 
example, the Sussex is usually thought to be a slow maturing breed 
but as old Sussex cattle probably put on little fat (and so weight) it 
has caused the breed to take a higher place in the table than it would 
otherwise have done. 

As to the cause of early maturity little is known, but Muller^ states 
that it is due not exclusively to nutrition but is also influenced by the 
balance of the glands of internal secretion. That nutrition has a very 
profound influence on it is shown by the experiments of Henseler^ on 
pigs. Continental breeds on the whole show slightly greater early 
maturity ratios than those of British breeds -for bulls — Simmenthal 
86*2 Black and White Lowland 88-4 % and Allgau 80-9 yj. As with 
all other animals, there is a slowing down of the rate of growth with 
age but the rate of slowing down depends on the breed. 

The average rate of growth of Shoi-thorn steers (if 80 lbs. is allowed 
for the weight of the calf at birth) during the first 22 months of life is 
approximately 15 lbs. per week, but between the ages of 22 and 33 
months, it falls to just over 10 lbs. per week and probably most of this 
increase is due to fattening rather than true growth. Long^ has pointed 
this fact out very clearly. 

* Watson and Harrison. BrfMtrs Oaz., No. 18, 1910. 

® Muller. Deutsche Landwirischajtliche Tierzucht, Year 18, No. 1, 1914. 

® Henseler. Kuhn-Archiv, Univ. Haile, Bd. 6, 1914. 

* Long. Jmim, Bd. of Agric. and Fisheries, Vol. 21» April, 1914. 
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The following figures taken from various experiments show the 
extent to which the rate of growth in weight varies with age : 

Avemge daily gain in woigfit— Ii)g. 


Authority 

Calves 

Yearlings -2-ycar-()ida 

— \ 

3 -y car- olds 

Kftbertson, Bedford and Mackey ^ 

— 

1-73 170 

1-G4 

Crisdale® 

168 

1-90 2-53 

2' 28 

Simpson, Foster and Oiristensen* 

1-55 

1-80 2.12 

157 

Average 

161 

1-85 2-12 

1 83 

From these figures it would appear that the average amount of weight 
gained per day increases up to about two years old and then diminishes 


again as maturity is reached. 

The effect of age on the proportional development of the body is 
well-marked and can be seen by a comparison of the figures given under 
‘‘Average of all breeds” at the end of Table V and the ‘‘Average of all 
eross-breds” at the end of Tabic XVT as well as in-tlie breeds and crosses 
shown in roman type in these two tables. Katai^ who studied the 
percentage growth of various organs in the rat found that the proportional 
development of the body varied considerably at different ages. The 
effect of age in the proportional development is as follows: 

Careme. Steers and heifers at 33 months old show a larger pro- 
portion of carcase (about 4 % more) than do those of 22 months old. 
Ritsiman^, who studied the records of the slaughter tests at the Inter- 
national Live Stock Exposition for 1901-1905 at Chicago, found that 
yearlings dressed at 64-4:1 % carcase as compared with two-year-olds 
at 65-40 % carcase. Simpson, Foster and Christensen^ however found 
that in ordinary commercial stock the percentage carcase weight was 
lower for three- year- olds than for two-year-olds; their figures being: 
calves 57-08 %, yearlings 59-24 %, two-year-olds 58-72 %, three-year- 
olds 57-59 %, but the numbers on which they based their conclusions 
were small. 

Suei fat. With both sexes there is an increase in the proportion of 
suet fat with age, an increase of a little over -I % on the average from 
22 to 33 months of age. 

Gid faL The proportion of gut fat also increases with the advance 
in age by about -2 % for steers and slightly more for heifers. Ritzman^ 

^ Robertson, Bedford and Mackey. Canada Exp. Form.‘( RejHirla, j), 292. 1905. 

** Griadale, Canada Exp. FaT7n8 Reports, p. 63, 1904. 

* Simpson, Foster and Christensen. New Mexico Sta. Bui, No. i03, 1916. 

‘ Hatai. Amer. Journ. Amt, Vol. 15, No, 1, 1913-14. 

^ Ritzman. U.S, Dept of Agr., Bur, of Anirnal Iruhsiry Rpt., 1907, 

* Simpson, Foster and Christensen. New Mexico Sta. Bui, No. 103, 1916. 
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found that yearlings gave 5*94 % tallow while two-year-olds gave 6-42%. 
Haecker^ who studied the composition of the bodies of steers at 
different stages of growth found that there was little gain of fat until 
a body weight of 600 lbs. was reached, after which the gain was rapid. 

Tongue and tail. The proportion of tongue as compared with the 
rest of the body decreases with age, that is, it reaches its full size quicker 
than the other parts of the body. 

Head. *The proportions of the head decrease with age in steers by 
about -3 % between the ages of 22 and 33 months; with heifers the 
decrease is not so marked. As bone constitutes the bulk of this organ 
(legs are included under this heading) it may be inferred that the propor- 
tions of the skeleton generally, as compared with the rest of the body, 
decrease between the ages of 22 and 33 months. 

Tridon^ found that the percentage of bone in calves decreased as 
the age increased and Hunziker and Caldwell® also found that as 
calves advance in age the heavier they become in relation to their 
height, that is bone or height development takes place first. 

Eckles, Reed and Regan*, who investigated the growth of dairy 
heifers, concluded that an animal reaches maturity in skeletal growth 
very much sooner than it reaches maturity in weight. This, together 
with the fact (see under Sex above) that heifers reach maturity quicker 
than steers, confirms the statement above that the proportion of head 
decreases with age between 22 and 33 months in steers but that the 
decrease in heifers is not so marked. 

Heart. With steers the relative size of the heart decreases with age 
and with heifers also there is a decrease with advancing age but it is 
only a slight one. 

Tripe. The relative amount of tripe in both sexes is less at 33 months 
old than at 22 months old by about *7 %. Muller’s^ statement that 
there is no relation between the weight or volume of the digestive organs 
and early maturity is confirmed by a comparison of Table VIll with 
Table C; the breeds which are early maturing do not show the highest 
percentage of tripe or intestines. 

Hide. Hide also shows a smaller proportional development at 
33 months than at 22 months of age, the difference being about *5 %• 

^ Haecker, Minnesota Sia-. Re 2 >t., 1913. 

* Tridoti. L’ Hygiene, d. I Viande et du Laii, Year 8, No. I, Jan. 1914. 

® Hiinziker and Caldwell. Indiana SUi. Bui, No. 193, 1916. 

* Eckles, Reed and Regan. Missouri Sta. Bui., No. 131, 1915. 

Muller. Deut, Landw. Tierzucht, No. 1, 1914. 
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Blood. The figures for blood are not very reliable as only a few 
examples have been obtained. They indicate however that tlie propor- 
tion of blood decreases in the steer with age but in the heifer remains 
about the same. 

IntestiTies. The relative proportion of the intestines remains about 
the same in the steer but increases slightly in the heifer with increase 
ill age from 22 to 33 months. Auernheimer^ studied the changes in size of 
the visceral organs of cattle, but I have been unable to obtain Jiis paper. 

Unaccented for. With the advance in age from 22 to 33 months 
the percentage of the animal unaccounted for seems to increase for 
steers but to decrease for heifers. 

The changes in the proportions of the body due to advance in age 
from 22 to 33 months may be summarised as follows: — With increased 
age there is an increased proportion of carcase, suet fat, gut fat and 
intestines (in heifers only) together with a decreased proportion of 
tongue, head, heart, tripe, hide and blood (in steers only). This confirms 
the work of Lawes and Gilbert^. 

Cross-breeding. 

Table IX gives the average weights of all cross-bred cattle exhibited 
at the Smithfield Show during the period under consideration. All second 
and doubtful crosses have been excluded from these results. 

In order to compare the rate of growth in weight with that of the 
pure breeds, the figures given have been corrected for age and in Table X 
are all shown as calculated to 22 and 33 months old. 

In only a few of the crosses however are the figures conclusive owing 
to the small numbers of each cross exhibited and although all the 
figures are given only those which are considered reliable are referred 
to below. 

If these averages are compared with those shown in Table II for the 
pure breeds it will be seen that there is no evidence to show that crossing 
increases the “Weight; no cross shown in the table exceeds in eventual 
weight the heavier of its parent breed, although some show more early 
maturity. 

Regarding the inheritance of size, Table XI, which gives the mean 
of the averages between the breeds crossed, should be compared whth 
Table X which gives the average of the cross-bred animals exhibited. 
It will be seen that where two large breeds are crossed together the cross 

^ Auernheimer. Ztschr. FhiscJi- n. Milch-hy^., No. 12, 1910. 

® Lftwes and Gilbert, J(Mrn. Roy. Agric, Soc., Vol. 21, 1860. 
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Table IX. Weighs of cross-bred cattle shown at Sinithfield^ 1893-1913 

Age in months and weelss. Weight in lbs. and decimals of a lb. 


Steers 


Heifers 


(!ros3 

9 

Shorthorn x Red Poll 
Red Poll X Shorthorn 
Shorthorn X Galloway 
Galloway X Shorthorn 
Shorthorn X Welsh 

Welsh X Shorthorn 

Shorthorn X Sussex 
Sussex X Shorthorn ... 

Shorthorn x Devon 

Devon X Shorthorn 

Shorthorn x Aberdeen Angtia 
Aberdeen Angus x Shorthorn 
Aberdeen Angus x Hereford ... 
Herefortl x Aberdeen Angus 
Aberdeen Angus X Sussex 
Sussex X Aberdeen Angus 
Aberdeen Angus x Devon 
Devon X A iierdcen Angus 
Kerry x Aberdeen Angus 
Aberdeen Angus X Kerry 
.Aberdeen .Angus x Dexter 
Dexter X Aberdeen Angus 
Shorthorn x Dexter ... 

Dexter X Shorthorn ... 

Kerry X Dex tor 

Dexter x Kerry 

Sh orth orn x H igh Ian d 
Shorthorn X Ayrshire 
Aberdeen Angu.s x Galloway 
Aberdeen Angus x Ayrshire ... 
Aberdeen Angus x Lincoln Red 

Galloway x Ayrshire 

Galloway x Highland 

Hereford x Galloway ... 
Hereford x Shorth om 
Devon X South Devon 
Sussex X Red Poll 

Sussex X Dutch 

Sussex X Jersey 

Hereford X Kerry 

Shorthorn x Kerry 

Hereford x Dexter 

Red Poll X Dexter 

Galloway x Dexter 

Devon X Dexter 

Sussex X Dexter 

Dexter x Jersey 


Under 2 ; 

vears 

2-3 years 

Under 2 years 


--3 

No. 

Age 

Wt 

No. 

Age 

Wt 

No. 

Age 

Wt 

No. Age u, 

— 

~ 

— 

1 

35-0 

1946-0 

— 


— 

1 

3hi 



— 

— 

1 

34-2 

1964-0 

i 

22-0 

1331-0 

— 



la 

22-0 

U37-5 

27 

33-1 

1795-4 

10 

21-3 

1268-5 

16 

32-1 


1 

220 

14410 

4 

31-1 

1845-7 

~ 

— 

— 

4 

350 


— 

— 

— 

— 

— 

— 

— 

— 

— 

5 

32-3 



— 

— 

1 

3,5-0 

1825-0 


— - 

~ 




, 1 

20-3 

1434 0 

__ 

~ 

— 


— 

_ 

__ 



2 

230 

1572-5 

— 

— 


— 

- 

— 

1 

340 


• — 

— 

— 

— 

— 


— 

— 

. — 

3 

32-1 

j>.( 

, — 

— 

— 

2 

31-3 

1677-5 

— 

— 

— 

— 



57 

22 2 

1430-3 

42 

33-0 

1844-0 

43 

22-0 

1306-2 

32 

33-1 

i:;v 

49 

22 1 

1449-1 

■"40 

33-0 

1799-G 

32 

22-1 

1330-2 

44 

31-1 

lii.; 

h'!t. 

2 

22-2 

1379-5 

3 

33-1 

1655^0 

/ 

20-2 

1578-0 

2 

28-1 

— 

— 

— 

2 

33-3 

1311-5 

— 

~ 


-? 

32-0 

J!':- 

1 

20- i 

1338-0 

— 

— 

— 

1 

20-2 

1094-0 

3 

3N 

ii:' 

2 

230 

1440-0 

— 

— 

— 

■ — 


— 




1 

22-2 

13S.5-0 

— 

— 

— 

— 

— 

— 

1 

34-1 

6l-< 

9 

23-0 

1301-8 

i 

35-2 

1721-5 

13 

22-3 

1222-2 

3 

34-0 

]y:- 

— 

— 

— 

1 

31-0 

1320-0 


— 

— 

1 

33-0 

Jli 

— 

— 

— 

i 

33-2 

1257-0 

1 

21-3 

897-Q 

10 

32-3 

J% 

23 

21-3 

9151 

22 

32-2 

1126-7 

19 

21-2 

911-6 

30 

32-2 

ll[> 

1 

240 

804-0 

1 

30-0 

817-0 

— 

— 

_ 

3 

32-1 

J/-;;- 

IS 

200 

902-0 

15 

32-2 

1136-4 

.6 

20-2 

931-2 

U 

31-3 


5 

19-2 

914-4 

8 

30-1 

1094-1 

— 

— 

— 

5 

20-0 


1 

23-2 

784-0 

2 

32-1 

952-0 

— 

__ 

— 

1 

34-0 


— 

~ 

— 

1 

29-0 

865-0 

2 

22-1 

739-0 

1 

33-2 


1 

24-0 

1532-0 

4 

32-0 

1684-5 

2 

22-3 

1260-0 

2 

30-0 

J.::-'}; 

2 

19-1 

1228-5 

— 

— 

— 

1 

21-1 

1056-0 

_ 


- 

— 

— 

— 

1 

34-0 

2076-0 




_ 


- 

1 

23‘3 

1204-0 

2 

310 

1775-0 

— 

— 


— 

— 

- 

— 

— 

— 

— 


— 

1 

21-2 

1222-0 

1 

33-2 


— 

„ 

— 

1 

32-1 

1176-0 

1 

20-0 

1124-0 

1 

31-2 

I,v4 

— 

— 

— 

3 

31-1 

im-0 

1 

18-1 

840-0 

— 


- 

2 

22-0 

1188-0 


— . 

— 

1 

23-3 

1001-0 

1 

35-0 

''■ill 

2 

212 

1188-0 

1 

34-1 

2066-0 

— 

— 

— 

3 

33-0 


— 

— 

— 

~ 

— 

— 


— 

— 

9 

33-1 

/Nil 

— 

— 

— 

— 

— 

— 

— 

— 

— 

1 

33-3 

N:* 

1 

23-2 

1018-0 

_ 


— 


— 



— 

- 

1 

2i0 

1078-0 

— 

— 



— 

— 


- 




~ 

— 

— 

— 

_ 

... 

~ 

/ 

35-0 

10 

— 

— 

— 

2 

3-i-i 

1312-5 

2 

■20-2 

1015-5 

— 

- 

- 

i 

20-3 

951-0 

4 

30-3 

1157-2 

— 


— 

2 

32-2 

10 

1 

22-1 

884-0 

— 










! 

30-1 


__ 

— 

— 

— 



_ 




1 

2<y(l 

.'<;d 

_ 



— 

/ 

20-0 

1064-0 







9 

31-3 


_ 

— 

— 

— 


~~ 


_ 

, — 

1 

311 



I 21-1 


SOO’O 
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Table X. Comparative weights of cross-bred callle. 

Weights in Iba. and decimals of a lb- 

22 months 33 inontlis 


22 months 
efs Heifers 


^ ^ - No. 

Shorthorn X Red Poll — 

Red poll x^iorthom... — 

Shortb orn x Galloway . . . /5 

Galloway X Shorthorn ... / 

Shorthorn x Welsh — - 

Welsh X Shorthorn — 

Shorthorn X Sussex ... ... I 

Sussex X Shorthorn ... ... 3 

Shorthorn X Devon ... ' -i — 
Devon X Shorthorn ... ... — 

Shorthorn x Aberdeen Angus 57 
Aberdeen Angus X Shorthorn 49 

Aberdeen Angus x Hereford 2 

Hereford X Aberdeen. Angus ' — 
Aberdeen Angus X Sussex ... / 

Sussex X Aberdeen Angije ... 2, 

..\berdeen Angus X Devon ... 1 

Devon X Aberdeen Angus ... 9 

Kerry X Aberdeen Angys ... — 
Aberdeen Angus X Kerry ... — 
Aberdeen Angtia X Dexter ... 23 
L)e.xter X Aberdeen Angus ... 1 

Shorthorn X Dexter ... 75 

Dexter x Shorthorn 5 

Kerry x Dexter I 

Dexter X Kerry ... ... — 

Shorthorn X Highland ... 1 

Shorthorn X Ayrshire... ... 2 

Aberdeen Angua x Galloway... — 

.Aberdeen Angus x Ayrshire ... 1 

.Aberdeen Angus x Lincoln Red — 

Galloway x Ayrshire — 

Galloway x Highland — 

Hereford x Galloway 2 

Hereford X Shorthorn ... 2 

Devon X South Devon ... — 

Sussex X Red Poll — 

Sussex X Dutch 1 

Sussex X Jersey ... ... 1 

Hereford X Kerry — 

Shorthorn x Kerry — 

Hereford x Dexter 4 

Red Poll X Dexter 1 

Galloway x Dexter — 

Devon X Dexter ... ... — 

Sussex X Dexter ... li. — 

Dexter X Jersey ... , ... 1 


— ■ \ 

r ^ 

! 


1 — 

_A ^ 

Weight 

No. 

Weight 

No. 

Weight ! 

\h>. 

Weight 

— 

__ 

_ 

1 

1834-8 

1 

1786-5 

__ 

1 

1331-0 

1 

1878-8 


_ 

1437-5 

10 

1283-1 

27 

17SI-9 

16 

mo- 4 

1441-0 

— 

— 

4 

1919-3 

4 

1430-5 

~ 

— 


— 

— 

5 

1-297-2 

__ 

— 

— 

1 

17210 

— 

— 

1520-0 

— 

— 

~ 

— 

— 

— 

1504-2 

— 


— 

__ 

1 

1164-7 


— 

~ 

— 

— 

3 

1405-1 

„ 

— 

— 

2 

1743 5 

— 

— 

1398-7 

43 

1306-2 

412 

1844-0 

32 

1742-5 

1432-8 

32' 

1324-2 

46 

1799-6 

44 

1593-7 

1343-9 

I 

1693-2 

3 

1642-6 

2 

1388-0 

— 

_ 

— 

2 

1282-4 

2 

1405-6 

1454-0 

1 

1173-8 

— 

— 

3 

1577 5 

1377-0 


— 

__ 

— 

— 

— 

1354-4 



~ 

— 

1 

1653-5 

1245-4 

13 

1182-0 

1 

1600-5 

3 

1513-7 

_ 

— 


1 

140-1-8 

1 

113-20 

_ 

1 

007-3 

1 

1238-2 

10 

1174-1 

925-0 

19 

932-8 

22 

1 143-9 

30 

1132-4 

792-0 

___ 

— 

1 

808-6 

3 

1 104-9 

993-0 

6' 

990-0 

15 

J 162-8 

11 

1169-2 

1031-4 



— 

8 

im-4 

5 

1 150-0 

734-2 

_ 


2 

071-2 

1 

936-6 

— 

2 

730-7 

1 

085-0 

! 

969-4 

1404-3 

2 

1218-6 

i 

1736-9 

2 

1758-1 

1403-4 

1 

1093 2 


— 

— 



— 

— 

1 

2014-8 

— 

-- 

1115-1 


— 

2 

1889-1 

— 

— 



1 

1250-4 

— 

— 

1 

1757-2 



1 

1236-0 

1 

120-3-3 

1 

1158-8 


1 

1012-5 

3 

1252-3 

— 

-- 

im-0 

1 

927-5 


— 

1 

880-4 

1215-6 



_ 

1 

2005-6 

3 

1536-3 








2 

1727-9 


_ 



_ 

— 

1 

1595-7 

953-2 

— 

— 

- 

- 

— 

... 

9HH-4 



— 


— 





_ 


I 

140S-8 


2 

1089-3 

2 

1-264-5 

7 

— 

1008-2 


_ 

4 

1-241-8 

2 

1314-4 

874- 1 

_ 

_ 

— 

■ - 

1 

1003-6 




— 

1 

1634-0 




1 

1349-6 

2 

m-o 





— 


1 

W66-7 

890-3 

— 

— 

- 

— 

— 

_ 



2f)(> Relative Growth and Development of Cattle 

Table XL Mean weights between breeds for coiu'parison with Table X, 

In lbs. 

22 months 33 months 


Breeds 

Steers 

Heifers • 

Steers 

Heifers 

Kh Of thorn— Galloway 

13M-7 

129:i-7 

1728-8 

1519-0 

Nhorthom — Aberdeen Angus 

138b-() 

ims 

1787-2 

1844-1 

Devon— Aberdeen Angus ... 

12H9'S 

l2fi5-6 

1842-9 

1504-7 

Aberdeen Angiw— Kerry ... 

loeii 

UOi-5 

1431-8 

vm-7 

Aberdeen Antiiifl — Dexter ... 

109()() 

1043-8 

1402-0 

12,59-3 

Shorthorn — Dexter ... 

1115 0 

ion? -8 

1444-2 

1304-0 


is usually heavier than the mean of the two parent breeds (the Devon- 
Aberdeen An^us cross is slightly lighter). When a large breed is crossed 
with a small one the cross is not so heavy as the mean of the parent 
breeds, and this holds whichever way the cross is made. 

In the first case (two large breeds) it may be that size is intermediate 
in the first generation but that the increased vitality of a cross causes 
increase in weight. Should such a condition exist in the second case 
(a large breed crossed with a small one), small size would appear to be 
slightly dominant in the first generation. 

Puiiiiett and Bailey^ found that with rabbits inbreeding led to a 
diminution in weight and it may be that in cattle an outcross has the 
effect of increasing size through increasing vitality. Gowen^ who has 
experimentally crossed dairy and beef types of cattle has not yet published 
an account of the weights attained by the cross. 

The numbers from which the results have been calculated are so 
small that it is difficult to determine the effect of reciprocal .crosses. 
The results of the Shorthorn-Aberdeen Angus cross however, in view 
of the numbers exhibited, probably show a reliable result. 

At 22 months old the piogeny of the Shorthorn bull crossed with 
the Aberdeen Angus cow does not grow so quickly as the reciprocal 
cross, whereas at 33 months old the positions are changed and this cross 
puts on weight more quickly than the reciprocal cross. This is clearly 
seen in Table XTJI, tlie cross Aberdeen Angus bull and Shorthorn cow 
being more early maturing than the reciprocal cross. 

This remarkable result is in evidence not only with the steers but 
also with the heifers and it is hoped that opportunity may occur for 
a more extensive analysis of this point. 

Punnett and Bailey^ have shown that in the rabbit size and early 

^ Punnett and Bailey. Jmrn, Gemtica, Voi. 8, No. I, Dec. 1918. 

* Go wen, Jcnirn. Agr. Research, Vol, 15, No. 1, 1918. 
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maturity are transmitted independently and it may be that they behave 
as sex-linked characters in cattle. 

Crossing tends to obliterate sexual difTerences. The sexual dilTeronoes 
are very much smaller in the cross-breds (see Table XII) than in tlie 
pure breeds (Table VII) especially at 33 months of age. The reason for 
this may be that the whole sexual vitality is lowered and not only the 
reproduction cells themselves are affected (as the well-known sterility 
of crosses shows) but also the secondary sexual characters are affected 
and lessened in amount. 


Table Xll. Cross-bred cattle-^rektive weights of the sexes. 

22 months 33 months 


Cross 

^ ? 

Shorthorn x Galloway 
Shorthorn X Aberdoen Angus 
Aberdeen Angus x Shorthorn 
Devon X Aberdeen Angus . . . 
Aberdeen Angus x Kerry . . . 
Aberdeen Angus x Dex te r ... 

Dexter X Shorthorn 

Shorthorn X Dexter ... 


Steers Heifers Hteera Heifers 


No. 

Weight 

No. 

Weight 

No. 

Weight 

No. 

Weight 

15 

100 

10 

S9-3 

27 

100 

W 

920 

57 

100 

43 

93-4 

42 

100 

32 

045 

49 

100 

32 

92'4 

4o 

100 

44 

SS-o 

9 

100 

13 

04-9 

i 

too 

3 

94-6 



_ 

1 

— 

4 

WO 

10 

U4-S 

23 

100 

W 

100;S 

22 

100 

30 

9H0 

5 


_ 

— 

S 

WO 

.5 

or, -3 

IH 

100 

6 

100-0 

15 

100 

11 

100-5 


The small sexual difference (in weight) of cro.sscs is ])articularly 
marked when crosses between large and small breeds are considered. 
Darwin’s finding that ‘'the more distant the relation in cro.ssing the le.s.s 
fertile the cross” is in this case extended to decreased secoudai'y sexual 
characters, even though it may not be shown in lessened fer( ility. 

It wdll be noticed also in this table (Table Xll) that in cross-hreds 
(with two exceptions) the sexual differences ilo not increase with age 
as is the case with the pure breeds (Table IV). 


Table XIII. Cross-bred caUle—relative weights at different a^ges. 

Ktcei’s Hr^ors 

Cross 22 months 33 morUl^ 22 months 3^mon^s 


6 ? 

No. 

Weight 

Shorthorn x Galloway 

15 

SO-0 

Shorthorn X Aberdeen Angus 

57 

75-8 

Aberdeen Angus X Shorthorn 

49 

79-6 

Devon x Aberdeen Angus . . . 

9 

77-S 

Aberdeen Angus X Kerry ... 

— 

— 

.Aberdeen Angus X Dexter ... 

23 

80-9 

Dexter x Sh orthoi'ii 

5 

S6-4 

Shorthorn x Dexter 

IS 

85-( 


No. Weight No. Weight No. Weight 

27 WO JO 7H--J 10 too 

12 100 13 74-9 32 100 

45 100 32 S3-S 44 100 

i 100 w IS' I 3 100 

1 _ 1 7 7 -3 10 WO 

22 100 to Hi-ti t^O too 

s wo — -- '5 

15 WO tiO-6 II too 

IS— 2 
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Table XIII shows the rate of early maturity in cross-bred cattle. On 
the whole heifers show only slightly more early maturing qualities than 
steers, the difference not being so marked as in pure breeds. 

If the results given in Table XIII are compared with those given in 
Table VIII it will be seen that the general effect of cross-breeding is 
not as has often been stated to increase the rate of maturity in weight. 

With regard to the relative development of cross-bred cattle, I he 
small number of records of “ carcase ’’ weights available are shown (as 
averaged direct from the records of the Show) in Table XIV. 

For comparative purposes these have been corrected for age and the 
results are shown in Table XV. 

As with pure breeds the propoidions of the various organs in per- 
centage of live weight have been calculated and are shown in Table XVI. 

The exact effect of crossing on the proportions of the animal is 
difficiilt to determine owing to the small numbers exhibited and the 
conclusions arrived at below^ are only tentative and need confirmation. 

If the average of all the crosses (shown at the end of Table XVI) is 
compared with the average for pure breeds (shown at the end of Table V), 
it will be seen that crosses on the whole give a slightly larger proportion 
of carcase. The proportion of suet fat is also higher in crosses than in 
pure breeds with steers but is smaller with heifers, again another example 
of the blurring of sex differences on crossing. The proportion of gut fat 
on the whole is greater in cross breeds and so is the proportion of tongue. 
The proportion of head however is lower in crosses than in pure breeds 
but the hearts of crosses are proportionately heavier. The amount of 
tripe in both crosses and pure breeds is about the same. 

Pure breeds have distinctly heavier hides than crosses and also on 
the whole slightly more blood. As with tripe, the proportion.^ of intes- 
tines in both crosses and pure breeds is practically the same. Crosses 
have slightly more weight ‘'unaccounted for” than pure breeds. 

These differences may be summarised as follows : cross-breds have a 
larger proportion of carcase (slightly), suet fat (steers only), gut fat. 
tongue, heart and “unaccounted for” (slightly) than pure breeds, hut 
pure breeds have a larger proportion of suet fat (heifers only), head, 
hide, and blood (slightly), while the proportions of tripe and intestine 
are about the same in*each case. 

These results, together with those mentioned under Sex (above), 
lead us to question the advisability of so7ne Breed Societies insisting 
on great sexual differences being shown between the bull and the cow; 
especially as the large head of the bull, and large bone and hide develop- 
ment which is correlated with it, leads to waste on slaughter. 
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Individual Variation. 

Within the limits of a breed, even when variations due to sex, aye, 
etc. have been eliminated, there still remains a great difference between 
individuals in their capacity to put on weight. These individual variations 
are in some cases very large, and the causes for these variations are at 
pr^ent unknown, but the conditions affecting them can be studied. 

The “standard deviations” and “coefficients of variabilitv” have 
been calculated for a few of the. best represented breeds and crosses and 
these are given in Table XVII. It will be seen in the last column of 
this table that breeds differ in the amount of variability e.xhibited, 
Shorthorns show the smallest amount of variability (8*04) , and Aberdeen 
An^us are more variable but not so variable as Welsh (1T98). Reimers’ 
has investigated the variability of cattle but his paper I have been 
unable to obtain. 


Table XVII. Variation in live weight of cattle. 


(a) 

Standard deviation - li 

Steers 

3S. 

Heifers 


Br^ed 

No. 

22 

month? 

33 ' 

1 No. month? 

22 

! No. inontlis No. 

^ 

33 

months 

Shorthorn 

187 

lU 

101 144 

U 

no 118 

134 

Aberdeen Angus 

193 

U8 

155 102 

u 

127 155 

130 

Welsh 

135 

119 

228 192 

s 

202 90 

177 

Abenleen .Angus x Shorthorn 

49 

128 

40 237 

32 

100 44 

177 

.Shorthorn y. Aberdeen .Angus 

57 

108 

42 140 

43 

115 32 

149 

.\verage all breeds ... 


117 

.5 17(5 

2 

It'S 5 

133 


CoKFFiriENT OF VARlABTUTY. 

Steers Heifers 

Breed 

Breed 

22 months 

33 inonthR 2ii 

! months 

33 months 

Average 

Shorthorn 


8' 12 

7'77 

.V3,2 

7-94 

8-04 

Aberdeen Angus 


8-70 

913 


8-13 

8-94 

Welsh 


8-68 

11 33 

IfiOO 

11 93 

11-98 

Aberdeen Angus x Shorthorn 


8'93 

13-15 

7-57 

11 12 

10-19 

Shorthorn X Aberdeen Angus 


7-70 

7-92 

8-83 

8-72 

7-29 

Average all breeds ... 


8'43 

9‘80 

8-20 

9-57 

_ 


In the only cross- breds examined there is a difference iri the amount 
of variability depending on the way in which the cross is made. The cross 
Aberdeen Angus bullx Shorthorn cow gives a much more variable cross 
than either parent breed, while the reciprocal cross, Shorthorn bullx 

^ Reimftra. Jahrb. Wiss, u, Prakt, Tierzurhi, 1914. 
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Aberdeen Angus cow gives a less variable cross than either of the 
parent breeds. I am informed by Capt. J. W. Stack that in Australia 
Aberdeen Angus bulls are not favoured by the exporters of meat owiri'T 
when crossed with the common stock, to the great variability in size 
of their offspring. Information I have received from other sources 
however does not confirm this opinion. 

Variation as measured both by the standard deviation and coefficient 
of variability increases with age both in steers and heifers except in 
the case of Shorthorns where it decreases slightly with age. That this 
decrease with age in Shorthorns is not a chance result is confirmed in 
Table XVIII where it is shown in each period under consideration, 
Robertson ^ found with children that the variability in weight increases 
with age between G and 14 years but that it decreased with age between 
1 and 12 months. It will be seen also from Table XVII that steers are 
more variable in weight than heifers of the same age. King^ found with 
rats that males were more variable than females at the older ages 
although when young they both showed approximately the same amount 
of variability. 

Table XVIII. Changes in variation in live weight from 
1893 to 1913. 

(a) Standard deviation — lbs. 



Period I 

Perioc 

II 

Period 

111 

Breftd 

No Weiglit 

No. Weight 

No. Weight 

Shorthorn ateera 22 months 

f)6 124 

58 

125 

63 

92 

Shorthorn steers 33 months 

77 161 

49 

138 

35 

110 

Shorthorn heifers 33 months ... 

53 128 

32 

138 

33 

139 

Aberdeen Angus steers 22 months 

70 132 

66 

104 

57 

116 

Aberdeen Angus steers 33 months 

65 186 

38 

144 

52 

142 

Aberdeen Angus heifers 33 months ... 

49 129 

49 . 

121 

57 

138 

Average 

143 


128 


123 

(&) Coefficient of varubtlity. 




Breed 

Period I 

Period 

II 

Period 

III 

Shorthorn steers 22 months 

8-76 

8-97 


6-45 


Shorthorn steers 33 months 

8-51 

7-62 


601 


Shorthorn heifers 33 months ... 

7-56 

8-47 


8-18 


Aberdeen Angus steers 22 months 

9-71 

7-64 


838 


Aberdeen Angus steers 33 months 

10-5.3 

7-92 


802 


Aberdeen Angus heifers 33 months ... 

8-03 

7-52 


8-75 


Average 

8-85 

8-01 


7-63 



* Robertson. American Joum. Physiol., 41, No. 5, 1916. 

* King. Anat. Rec., No. 10, 1915. 
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probably as a consequence of selection and possibly inbreedinjj;, varia- 
bility has on the whole shown a decrease since 1893. Table XVI II shows 
the coefficients of variability and standard deviations of steers of tl and 
33 months old, and heifers of 33 months old, of the Shorthorn and Aber- 
deen Angus breeds for the three periods;—! 1893-1809, 11 1900-1900 
and III 1907-1913. It will be seen that variability has on the whole 
decreased during that period. 

In addition to the variation in live weight there is also great indi- 
vidual variation in the proportional development of cattle within the 
limits of any one breed. It has been shown by Hcnsclcr^ that the 
influence of feeding affects the proportional development considerably, 
and Waters 2 has shown that the body conformation of steers is con- 
siderably affected by the state of nutrition ; scanty feeding, while not 
materially hindering the growth in height, causes retardation of the 
development of the middle and width of the body. Laurer® also 
found that external circumstances such as highland or lowland condi- 
tions influenced the size of the neck in cattle. In horses von Lutzow* 
found that the propoiiions of heart and lungs vary in the different types 
and Hatai^ found that exercise has a great influence on the growth 
of organs in the rat; the heart, liver, and kidneys being 20 % larger in 
those having exercise. The influence of exercise on the proportions of 
stock shown in the carcase competitions is well known. 

The variation in proportional development in three of the best 
represented breeds has been calculated and is shown in Table XIX. 

Although some parts of the body, such as carcase weight and head, 
are much less variable than live weight, others are very mucii more 
variable. It would naturally be expected that there would be considerahl c 
variation in the case of suet and gut fat as well as the other characters 
which are related to the stage of fattening attained. This was demon- 
strated for the proportion of carcase by Lawes and Gilbert ^ but the 
detailed changes in the proportions of the various organs of the body 
that take place in the process of fattening are still unknown. 

The proportions of tripe and intestine are remarkable for the amount 
of variation which exists. This variation is not only due to the amount 
of food remaining in the stomach and intestines but is possibly caused 

* He.nseler. Bund v, 1914. 

* Waters. iVoc. Soc. Prom. Agric. Set, 1908. 

® Laurer. D(ut. LanAw. Tierzuchl, No. 50, lyi.’l. 

* von Liitzow. Landw. Jahrb,, No. 5, 1908. 

* Hatai. Ami. Rec., No. 8, 1915. 

* Lawes and Gilbert. Jmm. Roy. Agri. Roc., Vol. 21 , 1800. 
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by differences in the methods of feeding. Magnati^ found that the 
size of the digestive organs in birds was materially altered by the type 
of food eaten. 

Table XIX. Variation in proportional development of cattle. 

(a) Standard devi.^tion. Percentage of live weight. 

Steers of 22 months. 





Suet 

Gut 








Tu- 

Breed 

No. 

Carcase 

fat 

fat 

Tongue 

Head 

Heart 

Tripe 

Hide 

Blood 

testine 

’ iT 

(lalloway 

— 

— 

— 


— 

— 

— 

— 


— 



Aberdeen Angus 

30 

217 

0-33 

0-66 

0-08 

0-.34 

0-27 

1-38 

0-63 

0-36 

0-36 

l-i! 

Welsh 

— 

— 

— 

— 

— 

— 


— 

— 

~ 

- 


A^^-rago 

1 

217 

0-33 

0-66 

0-08 

0-34 

0-27 

1-38 

0-63 

0-36 

036 

i;i 






Steers of 33 months. 






(ialioway 

2S 

2-68 

0-37 

0-66 

0-07 

0-2.5 

0-35 

0-89 

0-57 

0-31 

0-23 

2-33 

.\berdecn Angus 

16 

2.34 

0-28 

0-89 

009 

0-24 

0-39 

1-63 

0-65 

0-55 

024 

1-v, 

Welsh 

31 

2-67 

0-28 

0-54 

0-07 

0-25 

0-22 

1 07 

0-71 

0-25 

0-3r, 

1-i-, 

Average 

3 

2-36 

0-31 

0-70 

0-08 

0-25 

0-32 

1-20 

0-64 

U-37 

0-27 







Coefficient of 

VARIAJilLITV. 










Steers of 22 months. 






(Jalloway 

__ 

— 

— 

— 

— 

— 


— 

— 

— 

- 


.\bordeen Angus 

30 

3-38 

27-44 

28-74 

10-25 

8-23 

9-83 

17-25 

9-74 

14-26 

26-98 


Welsh ... ... 

— 

— 

— 


— 

— 

— 


— 

— 


- 

Average 

1 

3-38 

27-44 

28-74 

10-25 

8-23 

9-83 

17 25 

9-74 

14-26 

26-98 







Steers of 33 months. 






{« alio way 

2S 

4-14 

23-40 

21-68 

9-35 

6-29 

13-92 

11-63 

8-79 

12-91 

17-12 

3iio» 

Aberdeen Angus 

16 

3n9 

20-82 

35-18 

11-.58 

6-32 

15-35 

21-47 

11-24 

26-83 

19-2S 

211- 1: 

Welsh 

31 

416 

l6-8o 

17-10 

10-24 

6-10 

8-31 

14 42 

10-23 

11-96 

29-01 

15'- 

Average 

3 

3-97 

20 36 

2405 

10-39 

6-34 

12-52 

15-84 

10-09 

17-23 

21-80 

23i 


The proportion of blood too shows a large variation, but as only a 
small number of weighings were made of this tissue not much reliance 
can be placed on the figures. 

The small amount of variation in head depends probably on the 
attention which this organ has received in selection. It is one of the 
parts of the animal which is noticeable and so has been standardised 
by the various Breed Societies. 

The “amount unaccounted for” is necessarily a very variable 
character for it includes the watery stomach and intestinal contents as 
well as the loss of water from the carcase by evaporation which varies 
with the fatness of the animal. 


1 Magnan. Ann. Sci. Nat Zool, Nob. 2-6, 1914. 
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Oil the whole rffore variation exists in the proportions of the body 
than in the total weight attained by the body and this is probably to 
be expected as hitherto breeders have not as a nile selected directly 
for these qualities. A study of the figures given in Table XIX will show 
that there is ample room for improvements to be effected by selection 
within any one breed without recourse to crossing. 

A point of considerable interest is that while the variability of live 
weight and that of most organs and tissues increases with age the 
proportions of suet and gut fat, head, tripe, and intestines appear to 
be more variable at 22 months than at 33 months of age. The amount 
of variability present in suet and gut fat at 22 months old should en- 
courage those who are selecting for an animal which will fatten readily 
at an early age. That tripe and intestines are more variable at the 
\'ounger ages is in accordance with the knowm effect of bulky forage as 
compared with concentrated foods on the development of tlie rumen in 
young cattle. 


Correlation. 

Reference has been made above to the fact that certain organs tend 
to vary in weight together and also that a variation in one direction in 
one organ is often correlated with a counter variation in another organ. 

Numerous attempts have been made to correlate different parts of 
the body by measurement and to correlate anatomical measurements 
with production but very little has been done to establish the correlation 
between different parts of the body by weigfit. 

Lawes and Gilbert* associated a high percentage of carcase on 
slaughter with a high fat percentage. Mackenzie and Marshall- found 
however that while generally speaking a high carcase pcrccnfage is 
correlated with high fat content and with a low percentage of cartilage, 
bone and lean meat, yet there were many and marked individual varia- 
tions from this rule. 

Muller, Max and Narabe^ found that a negative correlation existed 
between the thickness of bone and size of the horn in Ayrshire cattle 
and this has been confirmed for cows of the Kehlheim breed by Laurcr^ 

Hmith® states that steers with large middle girths made the most 

* Lawes and Gilbert. Journ. Boy. Agri. 8oc., No. 21, 18(50. 

^ Mackenzie and Marshall. Journ, Bd, of Agrio. and Fisheries. 25, No. 6, 1018. 

® Muller, Max and Narabe. LaiulwiHsch . Jnhrb. 46, 10 U. 

^ Laurer. Deut. Landw. Tierzucht, No. 11, 1010. 

^ Smith. Nebraska SUi. Bvl., No. 116, 1010. 
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Table XX. Correlation between different parts of%e body in caltk. 

Percentage of live weight. 

I. Grouped by Lite Weight: 


% of tissue 

grouped by No. Carcase 

Suet 

fat 

Gut 

fat 

Tongue 

Head 

Heart Tripe 

Hide 

BIocmI 

In- 

testine 

1 - 

Lr 

Highest ... 34 64*29 

1*48 

308 

0*87 

3-84 

2*46 

7*59 

6*36 

[2*27] 

1*40 

S'*' 

Average ... 37 64*42 

1*44 

2*65 

0*80 

3*99 

2*57 

7-50 

6*68 

[2*161 

1*34 

875 

Lowest ... 34 63*76 

1*46 

2*50 

0*86 

4-17 

2*78 

8-U 

6*78 

[ 2 * 22 ] 

1*36 

7Tfj 

n. Group&l by Curcavt: 

Highest ... 34 — 

1*51 

2*83 

0*81 

3-89 

2*52 

6*98 

6*28 

[2-26] 

1*29 

^39 

7*95 

Average ... 37 — 

1*47 

2-81 

0*81 

3*96 

2*62 

7*77 

6*65 

[ 2 - 20 ] 

1*38 

Low*e 8 t ... 34 — 

1-42 

2*49 

0*82 

4-14 

2*71 

8-45 

6*79 

[2*26] 

1*40 

1<}*22 

iir. Grouped by Suet Fat. 
Highest ... 34 64*38 


302 

0*81 

4*00 

2*59 

7*35 

6*40 

[2-31] 

1*38 

’■85 

Average ... 37 64*15 

— 

2*80 

0*83 

3*97 

2*57 

7*70 

6*47 

[ 2 * 21 ] 

1 43 

Hi 

Lowest ... 34 63*36 

— 

2*39 

0*80 

4*04 

2-66 

8*11 

6*72 

[2*18] 

1*24 

9:4 

IV. Grouped by Gut Fat : 

Highest ... 34 04*55 

1*65 

— 

0*80 

3*84 

2*38 

715 

6*60 

[2*29] 

1 44 

8-3!» 

Average ... 37 64*24 

1*36 

— 

0*80 

4 00 

2*99 

7*41 

6*68 

[2*23] 

1*35 

Hi 

Lowest ... 34 63*94 

1*42 

— 

0*83 

4*15 

2*70 

8*45 

6*78 

[202J 

1*28 

871 

V. Grouped by Tongue: 

Highest ... 34 63*74 

1*40 

2*51 

— 

4*09 

2*73 

7*94 

6*77 

[2*19] 

1*38 

849 

Average ... 37 64*43 

1*53 

3*02 

— 

3*90 

2*53 

7*57 

6*39 

[2*23] 

1*49 

905 

Lowest ... 34 04*28 

1*40 

2*71 

„ 

3*97 

2*56 

7-07 

6*56 

[2*31] 

1*30 

8-81 

VL Grouped by if cad: 

Highest ... 34 62*91 

1 41 

2*39 

0*83 

— 

2*78 

8*26 

7*05 

[2*28] 

1*35 

871 

Average ... 37 64*69 

1-48 

2*67 

0-80 

__ 

2*57 

7*47 

6.54 

[2*17] 

1 31 

8 *.i(J 

Lowest ... 34 64*83 

1*50 

3*22 

0*80 

— 

2*46 

7*47 

6*12 

[ 2 * 21 ] 

1 40 

847 

VII. Grouped by Heart: 

Highest ... 34 03*74 

1*43 

2*51 

0*81 

4*07 

~ 

7*88 

6-71 

[2*24] 

1*41 

849 

.\verage ... 37 04 16 

1*43 

2-64 

0*81 

4*02 

— 

7-84 

6*56 

[2*29] 

1*31 

8 * 0.8 

Lowest ... 34 64 58 

l-.'vl 

3*13 

0*80 

3*88 

— 

7*44 

6*79 

[2-25] 

1-34 

m 

Vlll. Grouped by Tripe : 

Highest ... 34 62 97 

1*38 

2-49 

0*83 

4*05 

2*63 

— 

6*64 

[ 2 - 20 ] 

1*3.5 

m 

Average ... 37 64*30 

1-48 

2*71 

0*80 

4*00 

2*62 

— 

6-65 

[ 2 * 12 ] 

1*34 

8*54 

Lowest ... 34 65*20 

1*53 

3*02 

0*80 

3*93 

2*50 

— 

6*42 

[2*22] 

1*38 

Sfu 

IX. Grouped by Hide: 

Highest ... 34 63*24 

1-38 

241 

0*83 

4* 1.5 

2*69 

8-08 

— 

[2*22] 

1*30 


Average ... 37 64 29 

1*48 

2*68 

0*80 

4*02 

2*64 

7*60 

— 

[2*05] 

1*3.5 

6*r>9 

Lowest ... 34 64*94 

1-.53 

3*18 

0*80 

3*81 

2*48 

7*50 

— 

[2*35] 

1*39 

8*50 

X. Grouped by Blood: 

Highest ... 13 63*20 

1*32 

3*10 

0*80 

3*90 

2*41 

7*93 

6*27 

— 

1*29 


Average ... 15 64*45 

1*49 

3*29 

0*83 

3*86 

2*48 

7*38 

6*18 

— 

1*38 

{i-Oj 

Lowest ... 13 04*30 

1*36 

2*71 

0*82 

3*85 

2*46 

7*94 

6*40 

— 

1 27 



XI. Grouped by Iniedina: 


Highest 

... 34 

63*13 

1*56 

2*99 

0*81 

4*00 

2*62 

7*48 

6*58 

[2*17] 

— 

9:’:’ 

Average 

... 37 

64*57 

1-42 

2*60 

0*81 

3*99 

2*62 

7*89 

6*58 

[2*14] 

— 

8*H 

Lowest 

... 34 

64*74 

1*43 

2*68 

0 81 

4*00 

2-51 

7*78 

6*56 

[2*22] 

— 

8*37 

Xll. 

Highest 

Grouped by “ {JnaccoHnt'’d for'^ : 

... 34 65*26 1*41 2*76 

0*82 

4*04 

2*61 

7*79 

6*82 

[2*28] 

1 43 


Average 

... 37 

64*58 

1*43 

2*74 

0*80 

3*92 

2*61 

7*82 

8*48 

[2*02] 

1-33 

- 
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gains when fatten^g and that the rate of gain when fattening was not 
associated with size of bone and only slightly with heart girth. 

The material available in the present paper has been tabulated to 
obtain evidence of any correlation which existed. Tlie methods used 
have been explained under the description of Table XX above and the 
results obtained are shown in this table. The results have been judged 
to show correlation only if they run consecutively throughout tlie. 
series—Highest, Average, Lowest. 

The conclusions arrived at are in some cases rather unreliable owing 
to the small numbers of animals available but can be checked P) 
extent by the reciprocal groupings; thus animals with the highest 
amount of suet fat show the largest amoimt of carcase and also those 
with the highest amount of carcase show the largest amount of suet fat. 

The following tentative conclusions are indicated; — 

The live, weight is directly correlated with the pi'opurtiuii of gut fat 
and also “unaccounted for” as well as inversely with the percentage 
of head, heart and hide; that is, the smaller the live weight the larger 
is the proportion of head, heart and hide. As the hulk of the head 
(with legs) is mainly bone, it may be inferred that liigh live weight is 
correlated inversely with the proportions r)f the skeleton. This supports 
TridoiTs^ finding that the heaviest calves had the least iiercentagc 
of bone and that the percentage of bone in legs of l)eef decreased with 
increase in weight of the animal. 

The proportion of carcase weight is directly correlated with the pro- 
portion of suet and gut fat and inversely witii the proportion of h(‘a.<!, 
heart, tripe, intestines and “unaccounted fur.” ^Vhcn difiorent breeds 
are compared however (sec under Breed above, Table V) it will l)e seen 
that there is no correlation between fat ])ercentago and carcase per- 
centage. Within the limits of a breed there ia correlation between these 
two parts but outside the breed this correlation does Jiot hold, llus 
supports Marshall and Mackenzie’s conclusions quoted above, lomhave^ 
found that the fatter an animal the higher is its yield of carcase although 
Hall and Emmett^ found that a high percentage of carcase is not 
always attended by a large amount of internal fat. 

The proportion of suelfal is directly correlated with the percentage 
of carcase, gut fat and blood; the correlation with the last two liowever 
is not confirmed by the reciprocal groupings. Suet fat is also correlated 

1 Tridon. h'Hygiem d. I Viande zt d. Lrtil, Year 8, No. 1, l')U. 

* Tomhave. The. Country OtHlhmon, Vo!. 80, No. 32, 19P). 

3 Ifall and Emmett, Slo. Bui, No, lo8, 101 J. 

Jouro. of Agrio. Sci. x ^ 
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inversely with the proportion of tripe, hide and “unaccounted for.” The 
relation between high fat and low “unaccounted for’’ is probably due 
to the fact that a fat carcase loses less water by evaporation than a 
thin one. Magnan', who studied the relative weight of fat to wei'»ht 
of the body in different species of animals, found that herbivorous 
animals had the smallest proportion of fat while omnivorous animals had 
the largest. 

The ’proportion of gut fat is directly associated with the proportion 
of carcase, blood and intestiiie; the two latter however are not confirmed 
by the reciprocal groupings. The proportion of gut fat is also associated 
inversely with the proportion of head, tripe, hide and “unaccounted 
for” ; the latter however is not confirmed by the reciprocal grouping, 

The proportion of tongue is correlated only with the proportion of 
blood but this is not confirmed by the reciprocal grouping. 

The proportion of head is directly correlated with the proportion of 
heart, hide and “unaccounted for”; the latter however is not confirmed 
by the reciprocal grouping. The proportion of head is also associated 
inversely with the proportion of carcase, gut and suet fat although the 
latter is not confirmed by the reciprocal grouping. As head (including 
legs) consists largely of bone it may be inferred that large-boned animals 
have usually a large proportion of hide but a small proportion of carcase. 

The proportion of heart is directly correlated with the proportion of 
head and tripe and inversely with the proportion of carcase and gut fat. 

The proportion of (ripe is directly correlated with the proportion of 
head and heart and inversely with the proportion of carcase, suet and 
gut fat. 

The proportion of hide is directly associated with the proportion of 
head, heart, tripe and “ unaccounted for,” although these, with the ex- 
ception of the first-named, are not confirmed by the reciprocal groupings. 

The proportion of hide is also correlated inversely with the propor- 
tion of carcase, suet fat, gut fat and intestines, the latter however is not 
confirmed by the reciprocal grouping. 

The proportion of blood is directly associated with a high proportion 
of head, this however is not confirmed by the reciprocal grouping. Only 
a small number of blood weighings are given so that it is difficult to 
make comparisons with this tissue. 

The proportion of intestine is directly correlated with the proportion 
of carcase. 

The proportion of ^‘unaccounted for” is inversely correlated with the 
* Mttgnari. Compl. Bend. 8oc. d. Biol., Vol, 73, No. 33, 1912. 
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proportion of carcase and suet fat. This confirms the work of Tonihave^ 
who found that a thin carcase loses more weif^lit than a woll-finislied 
one owing to the greater evaporation of water. I'hc proportion of 
•‘unaccounted for” is also associated with the proportion of intestine 
but this is not confirmed by the reciprocal grouping. 

It would appear that, on the whole, the proportions of carcaso, suet 
and *mt fat vary together in the same way and also tliat the proportions 
of head, heart, tripe, hide and possibly “unaccounted for” also vary 
to'^ether in the same way and generally in opposition to those of tlie 
lii-st group. 


Selection . 

In order to study the progress made by selection since 1S93, the 
weights of the animals exhibited have been grouped in seven year periods : 
Period 1 extending from 1893-1899 inclusive, Period II from 1900-1906 
inclusive, and Period III from 1907-1913 inclusive. 

It was hoped also that the examination of the records would reveal 
the general tendency of the period as regards size, and would show the 
effect of the Breed Society standards in encouraging increased or de- 
creased size. It has been stated, but without proof, that tlie inodeni 
system of cake feeding tends to more “quality ” and smaller size than the 
uld system of feeding exclusively with bulky home grown foods. 

During the 21 years over which the records exist the general Uui- 
deiicy has been on the whole to increase in weight; this can be .seen in 
Table I and also more clearly in Tabic XXI in wliieh all breeds have 
been calculated to a common age. 

The Sussex and perhaps the Galloway are the only breeds which 
show a consistent decrease in weight. Devons and Hed Polls on tiie other 
hand show a fairly consistent increase in weight, while the tendency 
with the Hereford seems to be increase in weight in the male hul- de- 
crease in the female (i.e. the secondary sexual characters intensified, 
sec “8ex” above). 

The Dexter breed has decreased in weight in Peiiod II and increased 
again in Period III by an approximately er(ual amount. Sliorthorn and 
Welsh cattle have varied in the same way. 

On the whole the small breeds have increased in size while the laigcr 
breeds have remained stationary or have decreased in size, presumably 
in the attempt to obtain more “quality. ’ 

1 Tomhave. The Cmntry Gentletnan, Vul. 80, No. 32, 1015. 
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Table XXI. Progress of cattle hy weight {lbs.) from 1893 to 1913. 

Period 1-1893-1899, Period 11—1900-1906, Period III— 1907-1913. 


Sim9. 

22 months 33 months 



Period 1 

Period II 

Period III 

Period I 

Period II 

Peri'.id i; 

Brood No. 

Weight 

No. 

Weight 

No. 

Weight No. 

Weight No. 

Weight XoAlC. 

Devon 

58 

1177 

56 

1196 

52 

1272 

83 

1506 

48 

15(9 

55 

Hereford 

61 

13.50 

46 

139S 

43 

1445 

46 

1795 

35 

1892 

•J'l h: 

Shorthorn 

66 

1415 

58 

1393 

63 

1425 

77 

1892 

49 

1834 

35 

Sussox 

53 

1390 

62 

1398 

74 

1381 

56 

1823 

54 

1786 

55 l> 

Red Poll 

13 

1228 

25 

1244 

27 

1320 

32 

1564 

28 

1667 

n i:i 

Aberdeen Angus 

70 

1359 

66 

1362 

57 

1384 

65 

1766 

38 

ISIS 

52 1' 

Caiioway 

3J 

1222 

35 

1235 

32 

1212 

47 

1617 

38 

1505 

•35 

Welsh 

27 

mo 

56 

1357 

52 

1373 

63 

1753 

74 

1662 

91 ]# 

Doxtor 

14 

su 

44 

771 

20 

857 

31 

1040 

43 

1007 

'25 h 

Shordiorn x Aberdeen Angus 

17 

1400 

15 

mo 

25 

1302 

10 

mo 

13 

1824 

79 i> 

Abordoon Angus x Shorthorn 

Ifi 

1306 

20 

1457 

13 

1422 

18 

1729 

16 

1857 

72 i: 

Average all breeds ... 

U 

1288 

11 

1290 

11 

1316 

11 

1070 

U 

1683 

11 h 







Heiftrs. 





Devon 



_ 

_ 


— 


23 

1356 

23 

1445 

2-3 Jj 

Hereford 

7 

1327 

4 

1221 

9 

ms 

20 

1632 

18 

1585 

29 v 

Shorthorn ... 

2 

1260 

3 

1268 

6 

1315 

53 

1694 

32 

1665 

33 i: 

Sussex 

— 

— 

— 

_ 

— 

— 

25 

1630 

44 

1660 

3-> }■ 

Red Poll 

— 

— 

— 

— 


— 

12 

1544 

24 

1484 

21 J. 

Aberdeen Angus 

— 

— 

__ 

— 

— 

— 

49 

1607 

49 

1608 

57 1 

Galloway 

~ 

— 

— 

— 

— 

__ 

24 

1398 

30 

1315 

2-> J 

Welsh 



— 

— 

— 

— 

— 

21 

1464 

31 

1513 

44 1 

Dexter 

3 

852 

0 

775 

1 

821 

21 

96’6‘ 

26 

866 

7.V 

Shorthorn x Aherdecti Angus 

7 

1267 

15 

1335 

21 

1299 

7 

1783 

8 

1725 

i? I 

Aberdeen Angus x Shorthorn 

5 

1321 

14 

1333 

13 

1319 

16 

7599 

17 

1560 

11 1 

Average all breeds ... 

5 

1205 

5 

1186 

5 

1203 

11 

1516 

11 

1497 

11 i 


The general ten dene v to increase in weight is more marked at 22 
than at 33 months whioli is in accordance with the commonly accepted 
view that the modern tendency is towards more early maturity. 

Going further back still to the weights of cattle shown at Smithfield 
in 1840-42 1 it will be seen (Table XXII) that the carcase weights of 
Shorthorns and Aberdeen Angus steers were larger than those of the 
present day, and also that they contained in 1840-43 very much more 
fat than the present day carcases. The latter fact is probably an ex- 
planation of the apparent decrease in weight for, if the carcase weights 
of cattle shown in the live classes in 1893-1913 (calculated at 114 ,n 

^ The, Farmers Magazine, London, 1840, 1841 and 1842. 
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oircase) are compared with the carcase weights of 1840-42, it will bo seen 
that there is a slight increase in size since that time. The cattle exhibited 
ii) the “live” classes of to-day are probably shown in the same “con- 
aition” as those exhibited in the “carcase” classes of 1840 42 and the 
modern “carcase” class animal is probably not so heavily fattened. 
While this holds good with the Shorthorn and Abeideen Angus breeds, 
Table XXII shows that in the carcase classes, des])ite the less fut 
“condition” of the animals exhibited now-a-days, the llcreft)ids and 
Devons have increased in size considerably since 1810-12. Comparison 
with the “live” classes of 1893-1913 still further conlirms this state- 
ment. 


Table XXfl, Co 7 nparalive carcase iveights of caUle of 33 months ohi 
in Periods 1840-1842 and 1893 -1913. 

Steers 

Carcase Loose fat 
No. lbs. lbs. 


Breed 

Shorthorns or Durhams 

Herefords ... 

Devons 

Aberdeen Angus 


Period Class 
1840-1842 Carcase 
1893-I9i:i Carcase 
189:1-1913 Live* 

1840-1842 Carcase 
1893-1913 Carcase 
1893-1913 Live* 

1840-1842 Carcase 
1893-1913 Carcase 
1893-19i:i Live* 

Carcase 
Carcase 
Live* 

of live weigiit. 


14 

116;i 

150 

4 

1096 

79 

161 

110(1 

— 

10 

939 

140 

1 

999 

83 

114 

1181 

— 

2 

825 

107 

3 

9;5S 

118 

186 

1001 

— 

1 

1056 


16 

985 

58 

153 

1135 

— 


or Aberdeenshire 1840-1842 
„ 1893-19i:i 

„ 1893-1913 

* Calculated as 64 % 


Table XXIII shows, for a few breeds (of which sufficient examples 
have been obtained to give definite figures), the way in which the ].ropor- 
tions of the body have varied during the period under consjdeiation 
The average of the three breeds shows that, both at 22 and 33 rnoti is 
old, the percentage of the carcase to live weight has fallen in Period 
and risen again in Period III. Both suet and gut fat sho\\ tit 
changes but the rise of gut fat in Period ITT does not balance tlic fa 
in Period II. The proportion of tongue remains practieally constant 
throughout. The proportion of head rises in steers of 22 mont is o a,^e 
in Period II but falls in Period III, although at 33 monfhs it continues 
to increase in proportion throughout. The proportion o lear 
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the exception of a alight fall in Period 11 at 33 months old) shows an 
increase. Tripe at both ages rises in Period U but falls again below the 
original level in Period III; hide follows the same course, but at 33 
months there is a rise throughout the whole period. Blood remains the 
same in Periods I and if but shows an increase in Period 111. The* 
proportions of intestine remain practically the same throviglrout. Idie 
amount “unaccounted for” at 22 months of age increases in Period II 
and decreases again in Period III, falling below its original level; in 
steers of 33 months it shows a steady decrease. 

Considered generally the proportions of carcase weight, suet fat and 
gut fat have decreased in Period II but have increased again in Perind 
III, while the proportions of head, heart, tripe and “unaccounted for” 
have increased in Period II but have decreased again in Period HI. In 
Period II, 1900-1906, there seems to have been a falling off in “ quality ’ 
which has improved again in Period ITT, 1907 -1913. 

Season. 

In order to determine the effect of season three well-represented 
breeds have been selected and the records of each year’s exhibits have 
been averaged separately, after correcting for age; and the difference 
between this average and the mean of the breed as shown in Table 1 1 
has been calculated. This plus or minus balance for eacli year is shown 
in Table XXIV for each breed separately; the total for all three breeds 
of each age and also for the total of cattle of britb ages has also been 
given. In this way the fluctuations in weight due to season are easily 
seen, although it should be remembered that the variations due to 
“Selection” (see above) have not been eliminated. 

The results show that there is seasonal variation, tiie difference 
between 1906 and 1907 being very marked; but whether the variation 
is due to the large individual variation in the breeds or is due to seasonal 
conditions it is difficult to determine. 

The causes of this variation are not easy to find as the cattle exbibite{l 
come from widely different districts of the British Isles and are fed under 
various conditions. In the last three columns of Table XXI the annual 
plus or minus balance above or below ( 1 ) the average rainfall for Kngland 
and Wales, (2) the average root crop for England and (3) the average 
hay crop for England during the period 1893-1913 has been given. It 
will be seen that there is no evidence of correlation between any of these 
and the weights of the animals shown and it is hardly to be expected 
as animals fed for show's would be fed regardless of these conditions. 
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Table XXIV. Effect of season on rate of growth in cattle {steers). 



Welsh 


vShfirthorn 

Aherrieen Angus 

All breeds 

•All 



Root 

H.V 


22 

33 

22 

33 

2: 

1 

3; 

1 

22 

33 

breeds 

Rainfall 

lens 


Year 

noths 

niths 

mths 

mths 

mths 

mths 

mths 

nth 3 

all ages 

inches 

per acre 

l^^r a.;n 

1893 

_ 

+ 108 

+ 0 

- 25 

- 

95 

- 

70 

- 89 

+ 7 

- 82 

- 

4-98 

-3- ID 

'1!U 

1894 

— 

+ 

70 

+ 28 

+ 47 

- 

2 

- 

17 

+ 20 

+ 100 

i 126 

r 

2-95 

+ 0-44 

' 4.;|, ; 

1895 

— 

+ 1 

100 

+ 27 

+ 105 

+ 

34 

- 

52 

+ 61 

+ 153 

+ 214 

- 

b88 

-1 34 


1899 

— 

+ 

94 

- 3 

+ 75 

- 

22 

1- 

85 

25 

+ 254 

+ 229 

- 

2-25 

-2-57 

' it 

1897 

-20 

+ 

8 

-31 

+ 59 

+ 

12 

+ 

42 

- 39 

+ 109 

+ 70 

+ 

0-95 

+ 0-43 

- he, 

1898 

+ 4 

+ 

73 

+ 40 

- 6 

- 

13 

+ 

22 

+ 37 

+ 89 

+ 126 

- 

3-77 

-1-47 


1899 

+ 24 

+ 

77 

+ 83 

0 

t- 

08 


31 

+ 175 

+ 40 

+ 215 

- 

1-67 

-2-34 

- '.'-n 

1900 

+ 18 

- 

0 J/ 

- 12 

- 7 

+ ' 

132 

+ 

57 

+ 138 

- 2 

+ 130 

+ 

318 

+ 144 

* *>}■; 

1901 

+ 06 

+ 

10.5 

+ 42 

- 15 

- 

25 

+ 1 

121 

+ 83 

+ 211 

+ 294 

- 

3.36 

-0-41 

" jiil 

1902 

+ 42 

- 

37 

+ 33 

+ 30 

+ 

27 

+ 1 

100 

+ 102 

1 99 

1 201 

- 

518 

+ 2-32 

- 4^ 

1903 

73 

- 

87 

-81 

- 2 

1 

05 

+ 

10 

- 89 

- 73 

-102 

+ : 

1062 

- O-fil 

- S"! 

1901 

4 

■t 

54 

-30 

- 95 

- 

47 

+ 

91 

- 81 

+ 50 

- 31 

+ 

2-94 

+ 0-33 

- 1+ 

190.5 

-27 

- 

7 

+ 3 

- 25 


.55 

- 

70 

- 79 

-102 

-181 

- 

4 '39 

+ ]-(l3 

- iiy 

1900 

-00 

- 

132 

-30 

- 37 

+ 

40 

+ 

43 

- 50 

-126 

-182 

+ 

1-04 

+ 0-82 

- "C 

1907 

37 

+ 

39 

+ 10 

- 23 

+ 

03 

+ 

85 

+ 36 

+ 101 

+ 137 

+ 

042 

+ 1-39 

- 15. 

1908 

+ 4 

+ 

39 

+ 10 

- 18 

- 

5 

- 

9 

+ 9 

+ 12 

+ 21 

- 

2-54 

+ i-h;{ 

^ bH 

1909 

0 

+ 

12 

- .54 

- 20 

+ 

28 

- 

62 

- 26 

- 76 

-102 

+ 

211 

-^2*73 

- 

1910 

+ 40 

- 

70 

-35 

- 54 

+ 

107 

+ 

73 

+ 118 

- 51 

H- 67 

H- 

5-34 

+ 3-76 

- 

1911 

+ 29 

- 

2.5 

+ 11 

- 1.50 

- 

9 


28 

+ 31 

-209 

-178 

- 

0-59 

-2-98 

- 14 

1912 

+ 0 

+ 

10 

+ 40 

+ 64 

+ 

0 

+ 

4 

+ 52 

+ 78 

+ 130 

+ 

8-66 

-0-.59 

- iJ oI 

1913 

-39 

- 

37 

+ 42 

+ 22 

- 

47 

- 

31 

- 44 

- 46 

- 90 

+ 

1-09 

-0-50 

^ Pa 


Boetticher^ has shown however that there is a correlation between 
the climate and body weight of warm-blooded animals and Sumner- 
lias found that such a correlation between temperature and growth 
exists in mice. Watson and Hunter® have found that an unsuitable 
diet if used in the growing period caused a permanent stunting of growth. 

Possibly a comparison of the seasonal differences with the climate 
during certain months of the year, particularly those months which 
control the quality of the grass and root crops, might show some relatioii- 
sliip. Undoubtedly the quality of the hay and root crops would affect 
the average fattening steer very much more than those exhibited at 
Smithfield owing to tlie large part wliich concentrated food plays in the 
rations of the latter. 

If a comparison is made in column five of Table XXIV between the 
differences at 22 months and 33 months it will be seen that plus aiul 
minus signs occur together in the same year seven times whereas two phis 

' BoettichcT. Zool Anztigtr, Vol. 41, 1913. 

* fSn inner, Joiirn. E.rp. Zool., No. 3, 1915, 

* W.il,son and Hunter. Pror. Phyfi. Soc , Jmrn. of Physiol., Nos. 4-5, 1905. 
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siiriis or two minus signs occur 14 times. This seems to iiulicatc that 
the seasonal variation is not a chance one and tlie conclusion must be 
arrived at that there is seasonal variation but that its causes cannot 
at present be determined. 

In conclusion attention should be drawn to the small minibers of 
individuals on which conclusions have often been based and it is desired 
to impress upon those who read these conclusions that the results are 
to be considered as tentative only. It is hoped that otliers, who may be 
able to obtain data concerning a larger number of animals, may be able 
to confirm or contradict the conclusions expressed in tliis paper. 

Mv thanks are due to Mr G. tJdny Yule for the advice he has given me 
ill the preparation of this paper. I am also indebted to Mr W. P. Crosland 
for his criticism and to Mr E, J. Powell who has supplied me with oata- 
ioitues of the Smithfield Show for the period under eonsitleiation. 


{Received Febrmrij 9fh, 19‘J0.) 



THE PROTEIN CONTENT OF WH^IAT GROWN 
WITH IRRIGATION. 


By J. S. JONES', C. W. COLVER anU H. P. FISHBURN. 

{Director and Chemists, Idaho Agricultural Experiment Station.) 

With the development of irrigation projects in intermountain areas of 
the Rocky Mountain States has come an enormous increase in the 
amount of wheat produced annually with irrigation. The crop com- 
mands the attention and consideration of millers and grain men generallv 
in intermountain sections and will continue to do so because there is 
in cultivation at present a small fraction only of the acreage that can 
be successfully farmed with irrigation. The general run of irrigated 
wheat regardless of the class to which the varieties may belong is plump 
and relatively heavy. It is unfortunately at the same time soft and 
starchy and because of its relatively low protein content is almost in- 
variably sold on markets that do not stress strength in wheat flour. 
The irrigation farmer has no particular reason for dissatisfaction with 
the money return for his crop; yields are good and the demand for 
wheat so great that any and all grades are quickly absorbed by home 
and foreign markets. The United States Grain Standards Act, however, 
makes it plain to him that an equal number of bushels of hard wheat, 
or of wheat substantially richer in protein, would net him yearly a 
handsome sum over that which he now receives. Wheat is so generally 
fundamental in the human diet, that, economically speaking, quality of 
grain for milling purposes is a matter of national importance, the richer 
our wheats in protein the greater their value as food, and, in times of 
shortage, the greater can be the dilution of flours made from them in 
the making of light bread. Ferbap.s no other food stuff varies so widely 
in its content of protein because of favourable or unfavourable conditions 
of growth for its elaboration. There is unfortunately in the minds of 
wheat growers and millers generally the notion that irrigation and pro- 
nounced starchiness of kernel are inseparably linked. The unreason- 
ableness of that view, the scarcity of evidence in support of it, and the 

’ Resigned June 30, 1918, for service in the Ordnance Division, U.S.A. 
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^trowing importance of irrigated wheats in this State suggested as far 
back as 1908 the present investigation. It now seems certain that there 
is nothing fundamentally incompatible with irrigation, as it may be 
practised in southern Idaho at least, and the notion always held bv a 
few that wheats of high protein content are possible with it, and under 
conditions of growth, too, that make for maximum yields. 

Incidentally this investigation contributes very substantially to a 
hotter understanding of the factors which control in protein elaboration 
by the wheat plant under any conditions of growth. 

The Literature Reviewed. 

The literature is not particularly rich in reports of investigations 
which sought to establish relationships between irrigation practice and 
ihe composition of plant parts. It is much richer in reports of investi'^a- 
tions and observations which bear somewhat indirectly upon the 
questions involved. Many investigators, for example, have attached 
great importance to the influence of certain factors of climate, as 
rainfall, humidity, sunshine and temperature, upon the elaboration of 
protein by the wheat plant and are very positive in their coiiclu.sions 
that the environment imposed by climate detenuines between wheat- 
growing sections the relative richness of their wheats in protein. In our 
judgment a great deal of the evidence submitted in siip])urt of tliis 
view is based far too largely upon general observations and is for that 
reason not convincing. The extensive development of semi-arid lauds 
within recent years and their splendid adaptability- muliw inigation to 
the growth of the small grains make all questions relative to qualitv of 
grain important economic ones in the inter Jiiountaiu states. We have 
a.ssumcd that it would serve no useful purpose in this connection to 
review any other than the more recent investigations. 

Widtsoe(H) in 1901 grew a variety of wheat called New Zealand in 
Cache Valley, Utah, with varying amounts of irrigation water ranging 
from 4-63 to 40 inches. The soil used is a shallow one, varying in depth 
between 9 and 59 inches. It is underlaid with course gravel to a dej)th 
of 300 feet. Widtsoe noted dilferences in the protein content (d the 
harvested wheat kernels ranging from 26' 72 % to 15'26 % and, not- 
withstanding pronounced irregularities, attributed these differences to 
variations in amounts of water applied. With increase of water there 
was a decrease in the protein content of the harvested grain, 

Humphries ( 5 ) cites the fact that the 1903 season in England was 
one of abnormal rainfall and sunshine and that the season of 1904 was 
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much drier with more than the usual amount of sunshine. He states 
that the 1903 crop of English wheat was fully as good if not better than 
that of 1904 for flour-making purposes. He does not cite any analytical 
data in support of his ob.servations. He rejects the notion that rainfall 
is a determining factor in determining quality in milling wheat, pointiinr 
out the fact that the rainfall at St Paul, Minnesota, during the growing 
months is greater than it is in England, and still the Minnesota-grown 
wheat is generally recognized as far superior to the English-grown 
wheat. 

LeClerc(9) reports the growth of Kubanka in 1904 in seven localities 
with 15 inches or less of rainfall and in six localities with more than 
15 inches of rainfall, or with irrigation. He found by analysis a difference 
of '47 % of nitrogen in favour of the wheat grown in the drier regions. 
He notes also a difference of 3-3 % in the average protein conteni. of 
seven samples from irrigated sections when compared with seven samples 
of the same variety grown in as many different localities in the western 
states without irrigation. The ii on-irrigated samples were richer in 
protein. A still greater difference was noted by him when irrigated and 
non -irrigated Durum wheats grown in Mexico were compared. Again 
EeClet’c found that between samples of Kubanka wheat grown in Idaho 
and Colorado, with and without irrigation, there was an average 
difference of *73 % of nitrogen in favour of the dry-farmed samples. 

Shutt(il) concluded from his work with Red Fife and Kharkof grown 
at Lethbridge, Alberta, in 19(,)8 on dry-farmed and irrigated land that 
irrigation lowers the protein content. From this work and earlier deter- 
minations of protein in wheat grown on new and old lands, Shutt reached 
the conclusion that soil moisture is a factor of great importance in 
determining the protein content of wheat. 

In 1908 Jones and Kelson (6) of the Idaho Experiment Station grew 
on the Caldwell Substation in the Snake River valley of southern Idaho, 
Palouse Bluestern and Little Club each in seven plats with varying 
amounts of irrigation water ranging by differences of 3 inches and 
C inches from no inches to 24 inches. The rainfall in that section of 
the State is practically negligible for crop-growing purposes. The badly 
shrunken samples from the plats to which no water had been given in 
all cases but one were highest in protein. The analytical data on all 
normally matured samples furnish inconclusive evidence on the influence 
of irrigation water on the storage of protein in the wheat kernel. In 
no instance did the application of least water produce wheat of the 
highest protein content. The work was repeated in 1909. The high 
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percentages of protein for the normally matured samples of both varieties 
that year are worthy of special comment as indicative of tlic possibilities 
of high-protein wheat on irrigated lands. 

Shaw (10) conducted experiments with six diherent tv})es of wheat 
on the University Farm at Davis, CaUfuruia, during the seaso)) of 
19ti8-9. For each type, plat A received no irrigation; plat W received 
one irrigation just after the plants were out of the boot; and plat (' 
received two irrigations, one as given to plat K and one after the grain 
was set. The amount of irrigation water applied is not meiUioncd. 
neither is the amount of rainfall which, however, we find from Weather 
Riireau reports to have been 12-36 inches for the time intervening 
between sowing and harvesting. A part of eacir plat was cut earlv, 
June 24; the other part one week later. From his tabulated and ana- 
ivtical data Shaw concludes that with an increase in irrigation water 
the protein of wheat is lowered. For the early.- cut ci'o]) the aveiage 
percentages of protein for the six types from jilats A, 11 and C were 
11-56, 13-11 and 12-77 % respectively (all presumably reduced to the 
dry basis). For the late-cut crops the corresponding figures arc M-S3 %, 
11-44 % and 14-04 %. 

In very close connection with his work with irrigation, Shaw men- 
tions the fertilization of wheat plats for several years with sodium 
nitrate and other fertilizers. From his analytical data he concludes that 
the application of nitrates or other nitrogen-contaiiung fertilizers is 
without effect in increasing the protein content of wheat. 

Stewart and Hirst(i2) grew ten varieties of wheat on the (li-renville 
farm in Cache Valley, Utah, with the application of no inches, 15 inches 
and 25 inches of irrigation water. The averages for the protein content 
of the harvested grain were 15-45, 14-35 and M-()(l % respectively. 
Corresponding averages for the flours resulting from the grinding of the 
wheat samples were 13-62, 12-92 and 12-63 %. 

Howard (4) and his co-workers, from work conducted at several 
stations in India between 1907 and 1912, at some with irrigation and 
at others with normal rainfall only, conclude tliat irrigation and high 
quality of grain may go together when the cultivation is suitable and 
the amount of irrigation water regulated. 

The Department of Agriculture^ New ISouth Wales, reports the 
exhibition of samples of Bobs, Comeback and Florence wheats at the 
Hoyal Agricultural l^ociety’s show in Sidney during the years 1912 to 
1916 inclusive. The samples were grown in the several wheat-growing 

1 Private correspondence, 
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districts of the State with rainfall during the growing season ranging 
from 4-5 to 15*22 inches. The wheats had their percentages of Hour 
determined and the flours their percentage content of gluten and bakinji 
strength. With the analytical data for any variety arranged for corio- 
lation with data for rainfall, there does not appear to be for any of the 
varieties or for any district a direct connection between gluten content 
and rainfall. 

Thatcher (13) in a summary of wheat investigations conducted in 
Washington from 1906 to 1912 inclusive correlated the rainfall of eastern 
Washington between 1905 and 1909 with the average content of protein 
in wheat samples secured during the same years. He reached the con- 
clusion that the protein content of wheat in eastern Washington de- 
creases with increase of rainfall. 

Bailey (1) in a similar manner correlated data on the rainfall of the 
different wheat-growing sections of Minnesota from April to September, 
1911, with the average protein content of wheat samples analysed by 
him as representative of the products of the several sections the same 
year. His conclusions are that on the whole increased rainfall in Min- 
nesota is accompanied by relatively lowered protein content in the 
harvested grain. 

Harris (2) from his investigations of wheat conducted in tx)ts under 
greenhouse conditions at Cornell University, states that the kernels 
from the plants grown in wet soils were soft and starchy. He found the 
percentage of nitrogen in both straw and grain to be highest in plants 
grown on the driest soils. With an increase of soil moisture up to 371 % 
there was a gradual decrease in the percentage of nitrogen. Harris is 
careful to state that the grain of highest protein content was plump 
and apparently of normal maturity. He observed that the protein 
content of both wheat and straw was influenced by the period of growth 
at which high or low soil moisture conditions prevailed. Highest protein 
content was secured with a low soil moisture content up to the booting 
stage of the plant and a high soil moisture content from then on to 
maturity. Harris further notes that fertilizers high in nitrogen increased 
the nitrogen content of his Gro])s.' 

Jones and Colvei’{7) from observations in the field and from analytical 
work performed on samples of dry-farmed and irrigated wheats collected 
over a term of three years in representative dry-farmed and irrigated 
sections of southern Idaho conclude that some varieties are more affected 
by irrigation than others. 

Headden (3) in speaking of wheats grown in 1913 and 1914 in Colorado 
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ffith one and two acredeet of irrigation water states that no results 
^•ere secured that show conclusively that differences in amounts of 
water used made any difference in weights of wlieat per husliel and 
composition of grain. In 1913 he secured and analysed a large number 
of samples of Dicklow wheat grown in southern Idaho in 1913 in dutv- 
of- water investigations. The amounts of water used in growing the 
(Train from which Headden secured samples ranged from -66 acrcrfeet 
to 3*28 acre-feet. The protein in the samples ranged from 7' 18 % to 
9-48 %. The sample highest in protein was grown with the next to the 
least amount of irrigation water. The sample next highest in protein, 
9-16%, was grown with the maximum application of water. The 
samples next highest in protein, 8*97 % and 8*94 %, were grown with 
l-G'i acre-feet and 2'34: acre-feet of water respectively. Turkey lied 
grown the same year in the same line of inve.stigation with *47, -89 
and *93 acre-feet of water produced grain containing 10*56, 10-57 and 
10*65 % of protein respectively. 

In 1914 Headden again secured samples of wheat grown in southern 
Idaho in duty-of- water investigations. This time the samples were of 
the Marquis variety, grown on six one-tenth acre plats willi 1, 2 and 3 
acre-fect of irrigation water with barnyard manure amounting to 15*7 
loads per acre, and without manure. The irrigation season for the 
different plats was between June 2 and July 16 for those given 1 acre- 
foot, between May 21 and July 15 for those given 2 acre-feet, and 
between May 11 and July 15 for those given 3 acre-feet of water. The 
number of irrigations for the 1, 2 and 3 acre-feet applications was 
3, 5 and 7 respectively. The grain ripened July 24 and 25, 114 days 
from the time of planting. Without exception the development of the 
grain was good in so far as could be determined by weight of kernel. 
Yields of both straw and grain were increased with the 2 and 3 acre- 
feet applications and still further increased by the application of manure. 
The protein percentages of the harvested grain for the unmanured and 
the manured plats were 10*42 and 10-55, 10*52 and 10*81, and 10*o2 
and 11*93 from plats given 1, 2 and 3 acre-feet of water respectively. 
In summation of his work with irrigation, Headden coneluded that 
neither the amount nor the distribution of irrigation water made any 
material difference in tbe composition of the grain. 

From extensive experimental work and large numbers of analyses, 
Headden is strongly of the opinion that the soil’s content of available 
nitrogen is the determining factor in the elaboration of ])rotein by the 
wheat plant^^s.: 
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Widtsoe and Stewart (is) in extensive experiments conducted on the 
Greenville farm in Cache Valley^ Utah, to determine the effects of 
variations in amounts of irrigation water upon the composition of ‘trains 
and forage crops grew wheat with as little as 5 and as much as 50 iTicheg 
of irrigation water in addition to the normal rainfall of 15 inches. From 
their analytical data they conclude that the protein content of wheat 
is lowered as the amount of irrigation water is increased. 

Jones and Colver(S> from work conducted with hard wheats under 
irrigation on the Gooding and Aberdeen stations in southern Idaho 
conclude that under conditions which make for rapid nitrification of 
soil organic matter rich in nitrogen, hard wheats of the very highest 
quality are possible with irrigation. Some remarkably high percentages 
of protein are recorded for the years 1914, 1915 and 1916 for Minne.sota 
Bluestem and Glyndon Fife grown with normal irrigation. 

From this review of the literature it is perfectly apparent that very 
divergent views are held by the various investigators in this held re- 
garding the influence of irrigation water upon the composition of wheat. 

Experimextal. 

The lease of a 40 acre tract of raw sagebrush land in 1909 two miles 
south of Gooding by the Experiment Station for the conduct of experi- 
mental work in the irrigation of farm crops provided splendid oppor- 
tunities and the necessary facilities fof the conduct of this particular 
piece of work. Most fortunately, too, the conditions under which the 
wmrk w^as commenced ate essentially identical with those which confront 
the man who takes up raw land in the semi-arid regions of the iiiter- 
mountain states for conversion into farm land. Moreover the conditions 
prevailing on the Gooding farm at the close of our.^ixperimental work 
were precisely those which prevail after a similar length of time on the 
average irrigated farm in southern Idaho whose owner brings to his 
task of development a keen appreciation of the neqds of these lands 
for enrichment with nitrogen-containing organic matter. The investi- 
gation is directly .applicable to irrigation practice. 

The tract of land on which oiir experimental work was conducted 
was known between 1909 and 1917 as the Gooding Substation. It lies 
at an elevation of approximately 3600 feet in the Snake River valley 
a little nearer the western than the eastern border of the State. The 
surface soil is a medium clay loam. It has a fairly heavy clay subsGl 
and is underlaid at a depth of 10 or 12 feet by the basaltic lava roek 
that is characteristic of southern Idaho. The farm is fa^ly represen- 
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tative of the Snake River plains area on which wheat and other small 
grains are grown extensively, mostly with irrigation. The average 
annual rainfall between 1910 and 1916 inclusive was 0'2 inches. 'From 
1911 oJi, the farm was under the supenn tendency of Mr John S. Welcli 
to whom credit is due for cordial cooperation in planning and e.’^ecuting 
the field work. The work was commenced in 1910 and was continued 
without interruption or serious mishap through 1916. The objective 
points at the beginning of the investigation were: (1) additional data 
in support of or against the commonly held opinion that low-juotein 
wheat invariably results from the practice of irrigation, (2) fundamental 
reasons for the influence of soil water on protein formation, and (3) the 
determination of cumulative effects on protein content from the applica- 
tion of varying amounts of irrigation water. As will be noted later, our 
ideas regarding the fundajnental problems involved underwent some 
revision with the progress of the work. Its completion put us in posses- 
sion of a somewhat different kind of information than we anticipated 
at the start. 

Plan of Work. 

The plan of work was comparatively simple. It involved (1) the 
growing of three varieties of wheat side bf side in several plats of 
one-fifth and one-tenth acre each in such manner that varying amounts 
of irrigation water could be applied from no inches to as much as the 
soil could be made to absorb conveniently; (2) the (quantitative estima- 
tion of soil nitrates at frequent intervals in the plats of one senes to 
determine, besides relative amounts of nitrates, their possible concen- 
tration under the influence of irrigation water in zones beyond the 
feeding range of tha^lant roots; (3) harvesting and threshing; (4) milling 
and analytical, work on representative samples from each plat. 

Fig. 1 illustrates the planting plan in 1910. A similar arrangement 
of plats was folded in 1911, 1912 and 1913, but in 1913 fallow plats 
were introduced in the Rlucstem series adjacent to plats 1, 7, 13 and U. 
In 1914, as will be noted later, the number of plats was reduced. 

Fig. 2 shows the planting plan for 1914, 1915 and 1916. The original 
seed of the Sonora, grown for the entire seven years, and of the Palouse 
Bluestem and Little Club, grown for the first four years, was purchased 
from the Caldwell Milling and Elevator Company. Seed for the Minnesota 
Bluestem and Glyndon Fife, which vrere substituted for Palouse Bluestem 
and Little Club in 1914 and succeeding years, was sent from the central 
station at Moscow where those varieties had been grown for several 
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rears from seed originally secured at University Farm. .Minnesota. The 
seed 'vas sown each year at the rate of 90 lbs. per acre with a coinnion 
aiuin drill. All irrigation water was applied by flooding between borders 
and was very carefully measured. For nitrate deterniinations, soil 
samples were taken with a King soil tube. The nitrates wore detonnined 
colorimetrically in an especially fitted-up laboratory in the baseiuont 
of one of the Gooding public school buildings. At threshing time samples 
from each plat' were retained for analytical and milling work as was 
seed for sowing on a corresponding plat the following season. In the 
analytical work the greatest emphasis was placed upon protein deter- 
minations in the wheat and flour and the greatest importance is now 
attached to those determinations. The total ash content and the per- 
centage of phosphorus, as PgOg, and potassium, as KgO, were deter- 
mined each year to ascertain any possible relationships that might 
exist between irrigation and relative amounts of- these constituents of 
the grain. The total ash was determined on each flour sample mostly 
as a check on the closeness of the milling operations. 

The field observations, analytical data and comments upon the same 
follow. 

The Crop of 1910, 

The crop of 1910 was grown on raw sagebrush land well pro[)arcd 
of course for irrigation and planting. Nitrate determinations were not 
made hut the concentration of that very essential soil coiiijjonent must 
have been low, probably not so low^ however, as in 1!)11 and 1912; 
for there is on the .surface of these semi-arid lands some decayed organic 
matter that owes its origin to the very thin growth of native grasses 
among the sagebrush. If this organic rjiailei” is not covered tof) deeply 
in the operations involved in clearing and levelling, its nitrification 
during the first year of cultivation must be rapid and of distinct benefit 
to the first crop. It is the common expeitence of farmers on semi-arid 
lands that yields of grain decline sharply from the first croj) until the 
soil has been enriched with some form of orgardc matter. The reason 
unq^uestioiiably is the depletion of the small amount of available nitrogen 
originally present. The plats were sown on April 20. The least amount 
of w'ater w^as given in two, and the largest amount in nine applications. 
The ripening period for the Sonora ranged from July 20, for tlie plat to 
which no water was applied, to July 29 for the plat on which most 
water was applied. The ripening period for the BIncstem and Uittle 
Club ranged from July 21, for plats given no water, to August 2 for plats 

20-2 
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given the most water. The analytical data for the 1910 crop are pre- 
sented in Table I. 

From the increase in weights per 1(X)0 kernels with increase in 
amounts of irrigation water up to at least one foot it would semu that 
a normally matured grain in any of the three series was not secured 
in 1910 with less than one foot of water. If the product of all plats 
except No. 2 Sonora is considered, there was a fairly consistent decrease 
in protein with an increase of irrigation water. If the coni]»ai‘is()n is 
limited to norjnally matured grain, how^ever, the decrease in ]>rotein 
with increase in water was relatively small. As nearly as one might 
reasonably expect on the basis of crude protein and wet and drv gluten, 
the flours took the same relative position as the \Yheats from which they 
were ground. A maximum yield was possibly not obtained for the 
Little Club, 


The Crop of 1911. 

The crop of 1911 was grown on land that had keen cleared of sage- 
brush in 1909 and used for barley and oat plats in 1910. It was plowed 
in the fall of 1910 and prepared for the wheat plats in the spring of 191 1 
by thorough disking. All plats were sown on March 2o. The first irriga- 
tion was given Juhe 1, the last July 27. Tlie number of irrigations 
ranged from one to ten. There was a range of four days in the dates 
of ripening. Nitrates were determined in foot cores to a depth of six feet 
in all Bluestem plats; the data averaged for arbitiarily chosen periods 
of 15 and 16 days appear in Table II. 

It will be noted that the supply of nitrates was low even at the 
beginning of the season. So low indeed was the supply that it is doubtful 
if the plants at any time had an adequate amount for maximum growth. 
The barley and oat crop of the preceding year of course drew heavily 
on the small stock of nitrogen originally present. The field and analytical 
data are given in Table III. 

With the exception of three plats, No, 19 in tlie Blue.stem series and 
Nos, 2 and 20 in the Sonora series, the product of each plat in 1911 was 
lower in protein than the seed from which it was grown. A lower yield 
of both grain and straw was also noticeable on most of tlie plats. 
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Tabic IT, NO 3 in parts per million on dry soil, 1911. 
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.Samples were taken for the determination of their nitrate content on the following 
dates: June I, 3, 6, ft, 12, 15, 20, 22, 26 and 28; July 6, 10, 12, 17, 20, 24 and 27; and 
August 1, 8 and 15. 



Table III. Field and ayialytical data on wfteat and jtour^ crop of 1911. 
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The Crop of 1912. 

The crop of 1912 was grown on the same land that grew the crop of 
1911. The ground was plowed in the spring, disked, harrowed and 
floated in preparation for planting and irrigation. The borders of each 
plat were identical with those of the corresponding one of the preceding 
season. The sowing was made April 1. The first irrigation was given 
June 3, the last July 25. As in 1911 the number of irrigations ranged 
from one to ten and again there was a range of four days in the dates 
of ripening. The nitrate data are presented by periods in Table IV. 

The concentration of nitrates was again very low. 

The field and analytical data are given in Table V. 



Fig. 3. Crude protein of wheats grown for three years with varying amounts of 
irrigation water. Drawn from data presented in Table VI. 

The yield of grain on most of the plats was heavier than on corre- 
sponding plats of the preceding season, but as a general rule the yield 
of straw was lighter. For the major portion of the plats the yields of 
both grain and straw were lower, however, in 1912 than in 1910. With 
the exception of plat 4 in the Bluestem series and plats 3 and 6 of the 
Little Club series, the product of each plat appeared to be normally 
developed. In general there was a still further decline in the protein 
content of the grain from each plat, but variations in the protein content 
of the grain were not strictly in keeping with variations in the amounts 
of irrigation water used. 
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Table IV. NO 3 in parts per 7nillion on dry soil, 1912. 
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• Sample, w.ra taken far the determination of their 
date.: June 3, 0. 10, 14. 20. 24, 26 and 29: July 2. 5. 9, U, ir,. 18. 23, 26 and 30. and 

August 5 and 12. 
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For reasons that will become perfectly obvious in the discussion of 
1913 and succeeding years’ work, the field and analytical data for 1910, 
1911 and 1912 have been summarized for presentation in Table VI. 

In studying this table it is well to remember that thus far the soils 

which these wheats were grown had undergone no treatment looking 
toward their enrichment with organic matter over their original very 
low content. Under conditions of growth similar to these it would seem 
that there are between rather wide limits no outstanding relationships 
between amounts of w’ater used and the protein content of the harvested 
grain or of the flour milled from it. Fig. 3 was drawn from the averages 
for irrigation and wheat protein given in Table VI. 

The Crop op 1913. 

The land on which the 1913 crop was grown was cleared of sage- 
brush and levelled in 1909. In the spring of 1910 it was sown to alfalfa 
for the conduct of experiments in seed production and rate-of-seeding 
tests. It was plowed in the fall of 1912, at which time the third growth 
of alfalfa was turned under. The ground was left in the rough during 
the winter, replowed in the spring of 1913 and prepared in the usual 
way for irrigation and sow'ing. The plats were sown April 28, The first 
irrigation w'as given June 3, the last July 28, The number of irrigations 
ranged from one to nine. The dates of ripening ranged from August 19 
to August 25 for the Blucstem and Sonora series and from August 11 
to August 24 for the Little Club series. The spring plowing caused the 
loss of so much of the stored precipitation that the plants on all three 
plats which received no water made no growth after the booting stage 
and of course were not harvested. In all of the plats some alfalfa per- 
sisted in spite of the double plowing given in preparation of the ground 
for sowing. In the belief that some definite information could be secured 
from them regarding nitrification processes, fallow plats were provided 
adjacent to Nos. 1, 7, 13 and 19 of the Bliiestem series. As regards 
irrigation, the treatment of these plats was in all ways identical with 
that given the corresponding cropped plats. The nitrate data by periods 
for the year are given in Table VII. 

A remarkable increase in nitrates in the wheat plats over the two 
preceding years is at once evident from the most casual examination 
of this table. There was noticeable, too, a remarkable accumulation of 
nitrates in the four fallow plats especially during the early part of the 
growing season. The field and analytical data for the year are given 
in Table VIII. 
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Table VII. NO3 in parts per million on dry soil, 1913, 
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Tabic VII [continued). 
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2 


39-7 

56-3 

2-1 

0-8 

1-8 




3 


15-5 

27-0 

34-5 

17-0 

260 




4 


2-7 

0-9 

15-5 

9-6 

7-9 




5 


1-8 

0-0 

0-8 

1-4 

0-0 




8 


1-4 

0-0 

2-0 

0-6 

0-0 

19 F 

9 

1-863 

1 


48-3 

33-5 

7-9 

12-4 

8-2 




2 


32-0 

710 

7-0 

4-3 

8-2 




3 


16-8 

60-7 

16 5 

18-2 

19-0 




4 


3-5 

7-8 

22-7 

29-9 

27 0 




5 


1-3 

0-0 

31-5 

4-8 

90 




6 


1-2 

0-0 

25-0 

16-3 

40-0 


* Samples were taken for the determination of their nitrate content on the following 
dates; June 3, 7, U), 14, 17, 24 and 30; July 7, 1 1, IH, 21 and 28; and August 1. 

For the first time in the growth of these wheats they had whatever 
advantage tliere is in a seed bed enriched with nitrogen-containing 
organic matter. In spite of the unfavourable season there was on plats 
given the larger amounts of water a fairly sharp increase in yields of 
grain and straw. With each variety the highest yields were secured 
with maximum irrigation. There was, however, a marked tendency 



Table VIII. Field and analtjtical d<ita on wheat and jlour, crop of 1913. 
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toward a lighter weight of kernel. The outstanding fact in the d^ta 
for the year, however, is the very high protein content of the grain 
from each plat. In two out of the three series the highest protein wheats 
came from plats given the least water. In all three series the grain 
lowest in protein came from the plat given the most water. On plats 
given less than one foot of water, no definite relationship developed 
between amounts of water applied and the protein content of the grain. 
For the rather sharp increase in water over one foot, however, there was 
for each series a correspondingly sharp decline in the protein content 
of the harvested grain. These facts are shown graphically in Fig. 4. 



Fig. 4. Crude protein of wheats grown with varying amounts of irrigation water 
in 1913. Drawn from data presented in Tahle VIII. 

In Fig. 5 the protein content of the harvested grain from the 
Bluestem plats given normal irrigation in 1911, 1912 and 1913 and the 
average soil nitrate content by periods to a depth of three feet are shown 
for ease of correlation. 

The nitrate data used in the graphs were secured by averaging the 
nitrate data for the first three feet of soil for periods of 15 and 16 days 
during June and July and for all determinations made in August. 
Plat 7 was taken as representative of normal irrigation in 1911 and 1911 
Plat 13 was taken for normal irrigation in 1913 during which season all 
plats were given less water than in preceding years. In Fig. 6 are shown 
the corresponding data for plats of Bluestem given maximum irrigation 
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three feet by periods during the same years. 
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the same years. A very substantial difference between the soil’s content 
of nitrates in June, 1911 and 1912, and that of June, 1913, cannot escape 
notice. To us it suggests very strongly a definite relationship between 
available soil nitrogen during the early growing period and the ability 
and readiness of the wheat plant to elaborate it into protein for storage 
later in the seed. The relative amounts of soil nitrates to the same 
depth of soil and for the same periods in plats given no irrigation ami 
those given minimum irrigation in 1911, 19 T2 and 1913 might have, 
been shown graphically with even more striking effect. Great activity 
on the part of nitrifying organisms during the early part of the growin^j 
season in 1913 is believed to be very clearly shown from the nitrate 
data of the fallow plats shown in Table VII. 

The Crop of 1914. 

In 1914 Minnesota Bluestem, Minnesota, No. 169, and Glyndon Fife, 
Minnesota, No. 163, wmre substituted for Palouse Bluestem and Little 
Club. The seed, as stated before, was sent from the central station 
where it had been grown from seed originally secured from University 
Farm, Minnesota. We wished to ascertain the behaviour of these hard 
uspring wheats under irrigation. It was considered unnecessary to con- 
tinue the use of so large a number of plats. The planting and irrigation 
scheme for 1914 and subsequent years called for plats of no irrigation, 
plats of minimum irrigation, plats of normal irrigation and plats of 
maximum irrigation for each variety and for fallow plats adjacent to 
each one in the Bluestem series. Fig. 2 shows a typical arrangement 
of the plats during 1914, 1915 and 1916. 

The crop history of the land on which the 1914 crop was grown up 
to the fall of 1912 was identical with that of the land used for the crop 
of 1913. In 1913 it was planted to potatoes and produced a heavy crop. 
It was spring-plowed in 1914 and prepared as usual for sowing and 
irrigation. A cultivated crop thus intervened between one which makes 
decidedly for soil enrichment and the growing of this wheat crop. The 
plats were sown April 3. The first irrigation was given June 6, the last, 
July 29. The number of irrigations ranged from 1 to 11. There was a 
range in dates of ripening of ten days, the last to ripen being the plats 
given maximum irrigation, harvested August 14. 

Nitrate data for all Bluestem plats and corresponding fallow plats 
are given in Table TX. 

Again from the concentration of nitrates in the fallow plats, it would 
seem that there was great activity on the part of nitrifying organisms. 
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Table IX. NO3 in parts per imllion on dri^ soil, l!ll 1. 

Porio^U for wliicli iiilnito wort' 


Total 

Number irriga- 

Plat of irri- tiou, acre- 
No. gations feet 
"1 0 '000 


I Y 0 000 


4 1 '519 


4 F 1 '519 


7 3 1012 


7F 3 1012 


10 11 2341 


10 F 11 2-341 


Foot zone 
repre- 
sented 
by soil 
sample 

1 

3 

4 

5 

6 


1 

23-0 

51-1 

5S'3 

5(41 

4S'5 

2 

11-4 

U-j 

7 '5 

ll'i 

9-0 

3 

S' 2 

5-U 

12'0 

1 l-(i 

1(47 

4 

13'0 

()'5 

11-3 

9-7 

7-S 

5 

"vO 

7-7 

2'5 

O' 2 

2-S 

(} 

4'2 

5-U 

0-9 

7(> 

2-4 

1 

5 0 

LM 

33 

3-2 

3-(5 

2 

3'7 

4-4 

I-l 

3-7 

2-4 

3 

10'4 

23 3 

3-1 

12-3 

21-2 

4 

23 5 

l()-7 ’ 

(5-5 

()-9 

4-S 

5 

25-5 

lOl) 

5 4 

.t-s 

1 (5 

6 

in-2 

!)-9 

S-3 

(5-5 

2(5 

1 

30 -4 

20-1 

(I5'9 

3S-0 

19-7 

2 

30'5 

20' 0 

i(;'4 

19'9 

4 4 

3 

21 3 

15-5 

O'T 

17-(l 

3S 

4 

10-5 

Ui 4 

13-S 

IS'9 

3-1 


15 3 

1(5-5 

13-3 

IS'7 

2 15 

6 

5' 3 

O'l 

11-9 

12-2 

3 3 

1 

9-4 

9-7 

51 

1 -s 

7 2 


lfi'5 

2'7 

4(5 

(i'2 

(il (5 

3 

41 '7 

19'0 

37-4 

K'9 

31 '1 

4 

28- fi 

7-0 

21-4 

7'7 

3-9 

5 

17-1 

(5 2 

10-5 

3'1 

11 

0 

(I'O 

3 -(5 

()'3 

3-7 

14 

I 

4()-ti 

23 '4 

20-2 

22-0 

1(41 

2 

15'0 

22 4 

2(45 

21-3 

12-S 

3 

13'7 

1 K) 

1,5-0 

27-4 

15(1 

4 

10' 1 

Hl-4 

1 4-, 5 

32-9 

1()<5 


11-2 

l(i-(l 

1 ! -5 

13'J 

n-(; 

6 

30 

S-7 

7(5 

S-2 

,S() 

1 

(i-3 

23 

!'l 

(5 2 

1-9 

2 

7'1 

(>•0 

(43 

l'(i 

(l-S 

3 

3-9 

(l-f) 

(l'4 

0-9 

2'S 

4 

1'3 

9-1 

4-S 

5-7 

3-S 

5 

5-1 

ltl'7 

U-O 

()-2 

2- (5 

0 

7-8 

Id 2 

15 2 

S-(i 

3'9 

1 

31'9 

130 

9‘S 

7-0 

S-! 

3 

IS'l 

30-0 

I2'9 

1(5-7 

11 '5 

3 

S' 3 

29 9 

I7'0 

23- (> 

)9'3 

4 

IS'O 

20 5 

30 (i 

31-5 

S'l 


21'S 

20-7 

7'0 

24 (i 

13-0 

n 

16-5 

r)'t) 

lO'O 

22-2 

15-7 


avoi-ri-ed* 

^ June July 


1-15 

1(5-30 

1-15 

1(5-31 

1 19 

6 

c 

,l 

(■ 

/ 

12'7 

18-0 

13-0 

9(5 

7 5 

5-3 

3't5 

1-2 

S-K 

0'4. 

11-1 

7 4 

4'(l 

3'7 

1-2 

5-7 

4' 3 

2'3 

4-1 

l-l 

5-7 

3'(i 

2(5 

3-(i 

O' (5 

7-8 

4-7 

1-0 

(5-2 

1-9 


* Samples "were 
dates; June 3, 8, 15 


taken for tho determination of their nitrate eontent on the, foMowmg 
, 18, 23 and 29; July 0, 10, 13, 17, 21, 27 and 31 ; and August 7, 14 


and 19. 


21-2 
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The concentration of nitrates in the wheat plats of course for corre- 
sponding periods was much lower. The rather low initial content of 
the Bluestem plat given maximum irrigation and tlie sharj) drop from 
that for the next two periods is noticeable. 

The field and analytical data appear in Table X. 

Plats 1 and 2 were unfortunately too close to the supply ditches and 
received some water by seepage that was not intended for them. The 
yields on them were unquestionably higher than one could rcasonahlv 
expect in that section from no irrigation. The Sonora plat driven 
maximum irrigation rusted badly and for that reason was low in vield. 
The yield on plat 11 was cut to some extent by the presence of an 
adobe spot. There was an unmistakable tendency toward lightne.ss in 
weight. All samples of grain and flour were high in protein —tho.se from 
plats given normal irrigation and less, extremely so. A close study of 
the data, however, gives no ground for assigning high protein content 
to lightness of kernel for the heavy-weight kernels were in the high* 
protein class. A close relationship between the supply of available 
nitrogen in the soil during the early period of growth and the protein 
content of the harvested grain again suggests itself. Plats given most 
water in each of the three series produced wheat of lowest jnotein 
content but again there was no gradual decrease of protein with increase 
of water in any series. 

The Crop op 1!H5. 

The crop history of the land on which the 1915 crop was grown is 
as follows: it was cleared of sagebrush in 1909, given over to the gro^vth 
of barley in 1910 and to wheat in 1911 and 1912. In 1915 it was sown 
to red clover with barley as a nurse crop. Two crops were cut for iiay 
in 1914. A heavy late growth was turned under with the ])low in the 
fall. This land was prepared with the disk and harrow in the spring 
of 1915 for the wheat plats. This procedure again gave a soil considerably 
enriched over its native condition with nitrogen-containing organic 
matter. 

The plats were sown April 5. The very dry spring necessitated tlie 
irrigation of all plats ten days later to insure a stand. The seventh and 
last irrigation was given July 26. There was a total range of 12 days 
in dates of ripening although most plats were harvested within a range 
of nine days. The nitrate data for the year will be found in Table XL 

There was perhaps a lower concentration of nitrates during the 
early-growing period than one might with good reason have anticipated. 
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Table XL NO 3 in parts per million on dry soil, 1915. 


Total 

Niirabor irrif^a- 

Plat of irri- tion, acre- 
No, gations feet 

I . I -20^ 


Foot zone 
repre- 
sented 
by soil 
sample 

1 


Periods for which nitrate data were 
averaged* 



16-Sl 

1^ 

16^1 

•fiuirust 

1-10 

b 

c 

d 

e 

/ 

13-8 

11-8 

13-4 

13-2 

23-1 

7-4 

3-8 

6-1 

8-1 

7-0 

50 

4-8 

3-8 

2-4 

127 

0-0 

6-5 

l-O 

0-7 

3-8 

00 

— 

— 

~ 

2-6 

2-4 

— 

— 

— 

— 

1440 

114-0 

194-0 

157-0 

262-0 

27-2 

23-0 

36-0 

31-5 

45-0 

17-5 

14-6 

14-8 

13-2 

26-3 

60 

5-7 

4-6 

6-2 

13-0 

0-9 

— 

— 

— 

4-6 

5‘3 

— 

“ 

— 

38 

3 6 

10-7 

6-8 

4-7 

14-7 

7-5 

6-4 

2-0 

1-3 

6-4 

5-6 

2-6 

2-4 

1-2 

2-1 

0-0 

0-6 

1-5 

0*6 

2-i 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

88-0 

720 

119-3 

56-5 

130-0 

15-9 

27-3 

36-8 

14-4 

35-0 

4-4 

11-9 

11-7 

14-5 

18-6 

4-8 

6-7 

3-3 

9-8 

6(5 


_ 

— 

— 

3-6 


— 

— 


3-7 

U'3 

4-7 

5-8 

4-5 

6-3 

2-1 

4-2 

33 

2-2 

2-9 

22 

1-4 

2-5 

2-2 

2-5 

0‘8 

0-0 

0-7 

0-4 

2-2 

1-2 

— 

— 

— 

17 

— 

— 

— 


1-9 

62-5 

730 

77-0 

480 

C4-2 

21 0 

30-3 

59-0 

45-2 

52-4 

3-7 

16-8 

17-9 

52-5 

31-2 

2-4 

6-5 

4-7 

23-8 

13-0 

1-9 

— 

— 

— 

10-9 

2-8 

— 

— 


3-7 

4-3 

4-5 

3-2 

2-1 

3-9 

3-4 

2-1 

1-8 

1-1 

31 

5-4 

4-5 

2-3 

1-6 

2-2 

2-4 

2-8 

5-4 

0-3 

2-7 

0-9 

0-3 

2-5 

1-2 

2-8 

00 

0-0 

0-8 

2-4 

11 4 

101-9 

84-3 

41-2 

33-4 

10-3 

70- J 

45-3 

46-6 

29-7 

38-7 

24-9 

23-8 

58-3 

24-2 

49 1 


24-7 

36-6 

9-6 

430 

2 8 

0-9 

20-0 

2-8 

75-5 

3*7 

0-0 

8-5 

2-8 

75-5 


* Samples were taken for the dctenaination ot their nitrate content on the following 
dates: June 10, 14, 19, 24 and 29: July 2, 5, 12, l9, 23. 26 and 29: and August 4 ana 10. 
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An exceptionally great activity on the part of nitrifying organisms 
during the entire season, however, is indicated by nitrate data for 
the fallow plats. A fair conclusion is that even though the nitrate 
concentration in the soil of the wheat plats was low, nitrification pro- 
cesses were going on with sufficient rapidity to supply the maximum 
requirements of the wheat plants. 

The field and analytical data are given in Table XII. 

There was a sharp increase in yields of grain and straw with increase 
of irrigation water. A plump, heavy kernel was produced with both 
normal and maximum irrigation. In each series the protein of the 
wheat for the finst time gradually and consistently declined with the 
increase of irrigation water. With the exception of Sonora from plat 1*2 
however, the protein of the wheat from each plat was high. 

The Crop of 1916. 

The crop history of the land which grew the crop of 1916 is practi 
cally identical with that used for the 1915 crop up to the spring of 
1915. Wheat instead of barley was grown in 1910 and the red clover 
was sown in 1913 with oats instead of barley as a nurse crop. A heavy 
late growth of red clover was turned under in the fall of 1914 and 
potatoes were planted on it in the spring of 1915 for duty-of -water 
work. A cultivated crop, therefore, again intervened between one which 
makes for soil enrichment with nitrogen-containing organic matter and 
the grain crop. Immediately following the harvesting of the potato 
crop the ground was plowed and left in the rough over winter. In the 
spring it was worked down with a disk and harrowed in preparation 
for planting and irrigation. 

The seed was sown April 24. The first irrigation was given June 7 
and the last July 25. The minimum amount of water was given in one 
irrigation ; the maximum amount in eight irrigations. The plats ripened 
between August 2 and August 15. Soil sampling for nitrate determina- 
tions began approximately two weeks earlier than in any preceding 
year. The nitrate data for the year arc given in Table XIII. 

A substantial nitrate concentration during the early periods of 
growth is noticeable for all of the wheat plats. The concentration of 
nitrates in the fallow plats was far less than for corresponding periods 
in 1915 but it was sufficient to indicate great activity on the part of 
the nitrifying organisms. The wheat plants had whatever advantage 
there is in an abundance of available soil nitrogen. The field and ana- 
iytical data follow in Tabic XIV. 
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Table XIII. NO 3 in parts per million on dry soil, 1916. 
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plat 

No. 


Number 
of irri- 
gations 

0 


Total 
irriga- 
tion, acre- 
« feet 

•000 


I F 


•900 


•900 


1-879 


1-879 


Periods for which nitrate data were 
averaged* 


sented 

^lav 

^ A 

8 

, 

, 

August 

by soil 

ld-31 

1 -15 

10—30 

1-15 

10-31 

1-8 

sample 

a 

h 


d 

«' 

/ 

1 

31-2 

344 

11-2 

14 7 

25-5 

27-4 

2 

17-0 

8-4 

25-5 

22-7 

130 

12 9 

3 

9-r. 

20-1 

331 

13-5 

8-8 

28'3 

4 

194 

23-8 

19-8 

12 -5 

8-2 

13-3 

5 

11-4 

10-2 

19-8 

13-7 

7-5 

111 

* 6 

0-9 

2-7 

11-0 

5-7 

3-9 

4 0 

1 

490 

55‘ 1 

38-8 

07-1 

' 57-3 

20-0 

2 

18*1 

14-0 

30-2 

68-2 

27-5 

19-7 

3 

30-1 

19-7 

38-7 

734 

19-0 

17-7 

4 

20 0 

24-3 

26-1 

29-0 

21-0 

84 

5 

20-2 

23-5 

18-0 

23-1 

i:m 

10-3 

6 

0-0 

8-9 

17-7 

5-3 

9-4 

0-9 

1 

47-5 

29 5 

2ti-9 

6-3 

15-1 

20-U 

2 

25-0 

53-4 

80-8 

21 4 

15-0 

150 

3 

38-8 

02 8 

58-2 

27't> 

32-7 

5 4 

4 

90 

240 

27-3 

171 

9'7 

2'2 

5 

.5-9 

19-9 

23-9 

9-2 

10- 1 

4-4 

ti 

00 

3-1 

99 

4-7 

8-5 

2-2 

1 

38-2 

40-5 

21-3 

50d 

29-5 

151 

2 

239 

24-2 

29-5 

yl-l 

12-3 

114 

3 

25-9 

40-5 

50 3 

32-7 

22 9 

23 3 

4 

19 3 

28-9 

33-3 

3a- U 

25-9 

25 0 


8 3 

9-8 

29-8 

35 0 

10-3 

114 

6 

3 5 

8-9 

18 5 

i8'7 

12-2 

4 0 

1 

46-9 

8-5 

04 

LO-2 

44 

63 


8-1 

20-1 

14 2 

6-8 

0-li 

4-3 

3 

11 8 

19-4 

39-9 

28-5 

10-9 

6-5 

4 

20 -2 

17-9 

24 8 

34- 0 

12-9 

114 


9-8 

15-8 

17-5 

180 

13-0 

4-4 

6 

8 3 

9-7 

11-2 

13-8 

H'l 

4-9 


47-9 58-9 2\-i 

13:i 34-7 


3-5 

71 


6-9 93 

101 14-0 

13-2 15 5 

5-2 131 

5-3 105 

30-7 30-9 

J2'9 20-2 


21'4 

49-7 

33-3 

26-8 

51-8 

338 

17-9 

159 

40-1 

329 

37-1 

19-9 

24-0 

22-0 

24-7 

154 

30-5 

233 

29 0 

12-8 

12-9 

22-5 

144 

9 4 

21 '9 

8-0 

3-0 

4 4 

140 

8-1 

4-9 

2 3 

4-7 

lO-l 

U)-? 

5-. 5 

10'9 

22-8 

7-1 

2 3 

10-0 

21 5 

4-7 

2- 3 

5-9 

14-5 

0-3 

2-3 

5-3 

235 

9-:i 

4-3 

9-4 

23-8 

7-5 

2-3 

19-1 

33-8 

1 1 -5 

9-5 

14-3 

384 

IS-7 

17-2 

17-4 

38-5 

13-7 

11-8 

17-7 23-7 11'9 4-8 

nitrate content on the following 


* Samples were tateen lor tne aererminnu^^u 8 

date,. May Id and 22, Jane 1. d, 12, 20 and 28, July 7, 1.3. 1«. 2.7 and 31 , and Aug,,,. 8. 
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Maximum production in 1916 was teached in each series with the 
•nlication of the normal irrigation. The kernels attained exceptional 
fl-eudit with the larger amounts of water. With increase in amounts of 
irri^^ation water over the minimum, there was a decrease in the por- 
’eiiWc oi protein in the wheat and flour. With niaxituuni irrigation 
tiie protein content fell of! very sharply. The protein content of all 
samples grown with normal amounts of irrigation water and less, was 
remarkably high. That of samples from the plats given maximum 
irri-^ation was sufficient to give them unquestioiied standing among 
liiith-protein wheats. 

The Work of 1914, 1915 and 1916 as a whole. 

In Table XV are presented the averaged lield and analytical data 
for the years 1914, 1915 and 1916. 

In connection with the study of this table, the Conditions of growth 
for the three-year period should be clearly in mind. The soils wlncli 
.T^e^Y these crops, like that which grew the crop of 1915, had been 
substantially enriched with nitrogen-containing organic matter and 
through the activity of nitrifying organisms soil nitiogen liad been put 
in available form in substantial amounts for the wheat plants. 

Large increases of water over normal amounts increased the average 
yield of straw in each series but not tlie average yield of gram. In the 
increased yield of Sonora for this period over (he first three years with 
corresponding amounts of water, there is substantial additional proof 
for the claim made elsewhere by Superintendeni- Welcli that (he duty 
of water is increased substantially with an increase in (lie soil’s content 
of organic matter. The maximum weight of grain was readied .m each 
series with normal irrigation. In each of the three senes gram of re- 
markably high protein content was produced with normal a]iplications 
of water and less. Protein in the grain from each series fell off sharply 
with an increase in irrigation water over the normal, but wiib the 
possible exception of Sonora not to an extent sufficient, to rule t le 
samples grown with maximum irrigation out of the high piotem c ars. 
With the possible exception of Sonora grown with maxnuiini irrigation, 
the high protein and gluten content of the flours would insure 
a high place in the estimation of bakers who are accustomed to the 
handling of strong wheat flours. The mineral requirements of the wiieat 
plants in so far as the grain is concerned seem to have been satis e 
with the minimum application of \vater. 
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Fig, 7 presents graphically the correlation of irrigation and protein 
data for these three years. 



Fig. 7. Crude protein of wheats grown for three years with varying amounts of 
irrigation water. Drawn from data presented in Table XV. 



Ai% fsrs «« 

Kg. 8. Protein in Minnesota Bluestem (Minn. 169) from plats given normal irrigation 
in 1914, 1915 and 1910 and the average amounts of soil nitrates in the same plats 
to a depth of three feet by periods during the same years: (i period. May 16 to 31 
inclusive; b period, June I to 15 inclusive; c period, June 16 to 30 inclumve; d period, 
July 1 to 15 inclusive; e period. July 16 to 31 incluaive; and / period, August 1 to 19 
inclusive. 
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In Figs. 8 and 9 the nitrate data averaged for the first three feet 
from determinations made during 15 and 16 day periods in May, 

July and in August and the protein data for the plats given normal and 
maximum irrigation arc shown for correlation. 



F'ig. 9. ProU^in in Minnesota Blucstem (Minn. 169) from plate givnn maxinnmi irrigation 
in 1914, 191.3 and 1916 and the average amounts of soil nitrates in the same plats 
to a depth of three feet by periods during the same year. 


The Seven Years’ Work in Review. 

The outstanding facts in the field and analytical data covered by 
the entire time of this investigation may now be summarized for corre 
latiori wherever possible. 

Climate, of course, imposed certain uncontrollable conditions of 
growth throughout the investigation. The more outstanding ones were 
a low humidity, high percentage of sunshine and comparatively low 
temperatures during the growing seasons. These conditions, however, 
were so nearly uniform year after year as to merit no further considera- 
tion in this connection. The controllable conditions of growdh were 
those of the soil. The conditions imposed during the first three years’ 
work were those of a soil rich in the essential mineral elements of plant 
food but low in nitrogen and varied between rather wide limits in its 
content of moisture. 

From seed fairly high in protein at the beginning of the work in 
1910, the harvested grain from all plats in each series reached a very 
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low level of protein in the crop of 1912. Substantial variations in 
aniounts of irrigation water were without marked effect in producing 
variations in the protein content of the harvested grain and flo\ir ground 
from it. The irrigation data for 1911 and 1912, averaged from deter- 
iniriations made during 15 and 16 day periods in Juno, July and 
from those made in early August, graplncally presented in Fig. 10, lend 
little support to the notion that there was a concentration of nitrates 
in zones beyond the feeding range of the wheat plants. The only tenable 
explanation of the low level of protein reached lies, we believe, in tlie 
inadequacy of the soil’s content of available nitrogen to permit of 
maximum yields and maximum elaboration and storage of protein. 
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Fie. 10. NO 3 in parte per million on dry soil averaged for periods of 15 and IS 
June, July and August for the first three feet and the fiecond three had 
1, 7, 13 and 19, years 1911 and 1912. 


days in 
i){ plat 8 


In 1913 the soil conditions for growth were inodiherl. Tlie conditions 
that year made for a superabundance of available nitrate in t e \r i(.a 
plate and the wheat profited accordingly as shown by the enormous 
increase in protein in the product of each plat that year. In each senes 
the plat given maximum irrigation produced gram biwest in 
For an explanation of this occurrence one might with reason oo o ^ 
a lessened activity on the part of nitrifying organ tsfus in - p 
of a greater amount of soil moisture or in the Icac ing c ec o ^ 
larger applications of water operating to remove tfie nitrates beyo 
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feeding range of the plant roots. An examination of the nitrate data 
for that year, however, lends no support whatever to the first hypothesis 
and very little if any to the second. It may be that the explanation 
lies in a decreased transpiration of the wheat plants because of excessive 
amounts of soil ifioisture. The substantially greater amounts of protein 
in the grain of all plats over that of the original seed and over that 
grown from corresponding plats of the -preceding year answer in the 
negative the question raised at the beginning of the work relative to 
cumulative and permanent effects of large amounts of water on the 
proton content of wheat. It is perfectly apparent that liowever low 
wheat may go in its -content of protein because of adverse conditions 
of growth or because of conditions which do not favour the elaboration 
of protein, it responds immediately to favourable conditions of growth 
and a soil rich in available nitrogen by elaboration and storage of 
maximum quantities of protein. 

In 19 H Minnesota Bluestem and Glyndon Fife were substituted for 
Palouse Bluestem aud Little Club. For that year and the next two years, 
if we may judge from the nitrate data for those years, conditions of 
growth were such as to insure for the growing wheat plants a liberal 
supply of available soil nitrogen, at least during the early growing periods. 
With normal irrigation and less, remarkably high percentages of protein 
HI the harvested grain were shown each year. In each senes maxi mum 
irrigation produced grain of lowest protein content but always grain 
sufficiently* riebin protein to insure for it a high standing. In a final 
attempt to establish a definite and fundamental reason for this sharp 
decline' in pmtein from the application of the maximum amounts of 
water in soils rich in nitrate nitrogen, the nitrate data for the three 
years were very critically examined. The data for 19M and 1916 
support, to some extent, the notion that heavy applications of water 
tend to remove nitrate nitrogen from the feeding range of plant roots. 
Fig. 11 is based upon the nitrate data fox these two years averaged for 
the first three and the second three feet for whatever dctermmatiniis 
were made in 15 and 16 day periods in May, June, July and in early 
August. Unmistakable proof, however, of the leaching effect of the 
irrigation water upon the nitrates in the surface feet of soil to t e 
detriment of the growing plants is not in our judgment apparent. A 
fundamental reason for the falling away of protein when excessive, 
applications of water are given under the conditions noted has not yet 

been definitely established. i r 

At the end of seven years of gro^h with an average annual appll- 

22 

Joura. of ^no. Soi. x 
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cation of irrigation water exceeding 2-3/4 acre- feet, the Sonora was 
decidedly richer in protein than the original seed. Minnesota Bluestem 
and Grlyndon Fife with normal irrigation developed greater weight and 
at the same time substantially greater amounts of protein than were 
contained in the original Minnesota-grown seed. Moreover, the maximum 
irrigation given these two varieties faded to lower the protein content 
below that of the original seed and to reduce the average protein for 
the three years below the average for the same varieties grown the same, 
years at University Farm, Minnesota^. 

Conclusions. 

Since this investigation was conducted under field conditions that 
are identical with those which confront the^ settler on the raw lands of 
our irrigation projects on the Snake River plains, the results secured 
and our field observations in connection with them warrant several 
very definite conclusions regarding the possibility of growing a better 
quality of wheat for milling purposes with irrigation. 

1. The general run of wheat grown with irrigation in that part of 
the inter mountain section represented by the Snake River plains is soft 
and starchy and unquestionably low in protein, therefore, of relativelv 
low value for flour-making purposes. 

2. Growers and millers are not right, however, in assuming that 
low-protein wheat necessardy results from the practice of irrigation. 
Aa a matter of fact irrigation is not the controlling factor in determining 
what shall be the protein content of the harvested grain. 

3. In the course of their development irrigation projects produce 
and market large amounts of wheat from practically raw sagebrush 
sods — soils whose content of available nitrogen is always low. Regardless 
of the amount of irrigation water used, wheats from sods of that kind 
are invariably low in protein. 

4. A much better quality of grain is possible as soon as grain is 
brought into rotation with alfalfa or red clover. The sod of these 
legumes turned under and the activity of nitrifying organisms provide 
for the growing wheat plants a substantially greater supply of available 
nitrogen. Protein elaboration is stimulated somewhat in proportion. 
Carelessness in the use of irrigation water may ofi-set to some extent, 
however, the advantage of otherwise favourable soil conditions for 
maximum protein elaboration. The climate of the irrigated sections 
is favourable. The essential soil conditions for high protein wheat are 

^ Bulletin No. 103, Idaho Experiment Station. 
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easily within the control of the irrigation farmer. Fortunately soil con- 
ditions which favour maximum protein elaboration are also those which 
favour maximum production. 

5. However “deteriorated” in quality a really good variety of 
milling wheat may be from growth with irrigation on soils depleted of 
available nitrogen, seed from it wiU respond with the production of 
maximum amounts of protein for the variety if given the favourable 
conditions of growth indicated in the preceding paragraph. There is 
nothing to be gained by the irrigation farmer by importing seed of that 
variety from distant localities. 

6. There is much to be gained, however, by irrigation fanners from 
the more rigid selection of varieties on the basis of well-recognized 
milling value. The notion ^at low-protein wheat and irrigation practice 
are inseparably linked is largely responsible for the carelessness so fre- 
quently shown by irrigation farmers in the selection of varieties. Hush el 
for bushel the hard red spring wheats at their best command a somewhat 
higher price, and, when used properly, can be made to go much further 
than the soft starchy varieties in feeding a hungry world. In the light 
of this investigation we wmuld not question the ability of the careful 
irrigation farmer bo grow the highest quality of the hard red sjrring 
wheats. In the absence of positive proof that the hard red spring 
varieties will hold their own from the standpoint of production in com- 
parison with the better classes of white wheats, always popular with 
the irrigation farmer, we do not wish at this time to urge their intro- 
duction and growth except for trial. Tn this connection it is well to 
emphasize the fact that the whit e wheats will also respond to favourable 
conditions for protein elaboration. White wheats rich in protein, we 
venture, will command a premium among millers in the intormountam 
states if grown in sufficiently large quantities to command their atten- 
tion. 

7. Unquestionably there are large amounts ol high-ptotem wheats 
being grown now on the older irrigation projects under conditions we 
have outlined above. It is doubtful if the growers realize on them as 
they should because they are lost in the larger amounts of low protein 
wheats grown on soils not yet brought into rotation with alfalfa, red 
clover, or other legumes. When the requirements for high-protein 
wheats arc more generally understood, and the irrigation projects reach 
that point in their development where there is no more law .sage i . 
land given over to wheat production, and undesirable milling varieties 
have been eliminated, this matter will right itself. In the mean im 

22-2 
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growers on any project who really desire to grow high-protein wheat 
might with profit to themselves form an organization that would force 
the attention of millers to their product. 
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STUDIES OF A SCOTTISH DKIFT SOIL. 

PART II. 

By william GAMMIE OGG, M.A., 

AND JAMES HENDRICK, B.Sc. 

{Department of AgricuUnTal Research, V nii'ersitji of Aberdeex.) 

The Absorptive Power of the Soil and its 
Mechanical Fractions. 

The problems connected with absorption by soils have been studied bv 
many investigators for well-nigh a century, but -in spite ol this, toin- 
parativeiy little is known even now regarding tJiis important phenomenon. 
Its importance cannot be too strongly emphasised when we consider its 
hearing on soil fertility in general, and in particular on the part played 
by fertilisers. 

It is still a matter of dispute whether soil absorption is a physical or 
a chemical phenomenon or partly one and partly the other. The question 
of the soil constituents to wliich absorption is chiefly to be attributed 
is also undecided. Some workers lay special emphasis on the amount of 
surface exposed by the absorbing material, while others lay stress on 
it.s origin, constitution and mass. 

The literature of the subject has recently been reviewed byPrescott(i)*, 
to whose resume the reader is referred. 

Attempts have been made from time to time to make use of absorp- 
tion phenomena as indicators as to fertility and mannrial requirements, 
^t the difficulty has been to get a good basis for comparison of different 
soils. 

Soils differ greatly in their mechanical and chemical composition and 
in their content of organic matter, and all these factors may jirofoundly 
affect absorption. 

Other things being equal, a soil composed largely of 'Mine silt ’ and 
‘‘clay'’ would, according to most investigatoi's, have a greater absorptive 
power than one composed chiefly of coarse materials. Condusiuns, 

* Publication of this paper was delated on account of the war, and since it was (lr.‘»fted 
a more complete resurni of the literature by Preacotthas ajqicarcd in this Journal. A 
review of the literature has therefore been omitted. 
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therefore, derived only from comparing absorptions by complete soils 
might be quite misleading. 

The object in this investigation, in addition to determining the 
absorption of the soil as a whole, is to determine the absorptive power 
of the various fractions obtained by mechanical analysis. 

Tt is hoped in this way to obtain useful information as to the part 
played in the absorjjtion by the various soil fractions and to arrive at 
a sound basis for comparing the absorptive power of this soil with 
others in this district and elsewhere. 

The soil with which our investigations were made has already been 
described in Part I of this paper (2). It has these characteristics in 
particular : 

1, It is a glacial drift soil derived from granitic rocks and its 
constituents are still in a comparatively un decomposed state. Accordiiur 
to van Bemmelen the production of the colloids on which absorption 
depends is largely a question of decomposition. 

2, It contains no carbonate of lime. Calcium carbonate has been 
persistently associated in this country with absorption and the inter- 
change of bases in soils, as if it were a necessary factor, though Way 
as early as 1850 had shown that this is not the case. 

3. The clay fraction is comparatively small — see Mechanical Anal} si.s, 
Table I, Part I. It is to this fraction that most of the absorptive power 
is usually ascribed. 

4. It is fairly rich in organic matter, containing about 9 % as deter- 
mined by ignition. This is generally considered to play a considerable 
part in soil absorption. 

The first difficulty met with in carrying out this investigation was 
the separation of the soil into fractions without producing any alteration 
in their chemical nature and absorptive power. 

The ordinary British method of mechanical analysis involving the 
use of w:eak acid and ammonia could not be followed, since it seems 
obvious that the action of such reagents would alter the absorptive 
power of the soil particles, so an attempt was made at a separation hy 
means of water alone. 

As a preliminary trial, 10 gram samples were treated according to 
the sedimentation method as adopted by the Agricultural Education 
Association (3) (the ordinary British method), except that treatment with 
dilute hydrochloric acid and ammonia was omitted. 

The results did not accord very closely with those from the ordinary 
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method with use of acid and ammonia, the clay being much less and 
the coarser fractions greater, indicating, as was' to he'i^xpected, an in- 
complete breaking down of the compound particles. 

The operation was repeated with these difforences: (a) The samples 
were soaked a couple of days in distilled water and tlioroughlv rul)bed 
up with a rubber pestle before the fraetionatjon was coinmeiued. 
(6) They were shaken in bottles oji a mechaincal shaker for an hour 
between periods of settling. The results obtained in this wav agree 
much better with those from the ordinary method, but the. amount of 
clay obtained still fell short of the total present. 


Table 1. Mechanical Analysis. 


l 


Analysis using dis- 
tilled water in 
separation 



At 100“ C. 

After ign 

Piiie grftvel 

10-58 

10-46 

Coarse santl 

34-79 

33-59 

Fine sand 

32-25 

29-41 

Silt 

12-68 

9-89 

Fincailt... 

7-98 

5-7G 

Clay 

0-90 

0-43 

Total 

99-18 

89-54 

Loss on ignition . . . 


9-64 

Dissolved and loss 
(by differentie)... 

_ 

0-82 


2 3 


Analysis using dis- 
tilled water and 
aubjeeting soil to 
thorough pcstliijg 

Aiialysig according 
to method of Agri- 
cnltin'ftl Kdiu-alion 
Association 

At 100“ C. 

After ign. 

At 100° C. 

After ign. 

1019 

10-07 

1009 

9-93 

31-41 

31-03 

30-08 

29-73 

26-54 

26-01 

26-20 

25-80 

14-72 

12-44 

14-18 

12-47 

9-64 

7-07 

9-62 

7-63 

6-53 

3-09 

H-S8 

3-80 

99-03 

89-71 

99-05 

89-36 

- 

9-32 


9-69 


0-97 

— 

0-95 


Table I shows the different results obtained by modifying the method 
of analysis as described above. 

No. 1 is the mechanical analysis using distilled water, and without 
previous treatment with dilute acid and alkali. 

No. 2 the same with additional soaking, shaking and pestling with 
a rubber pestle. 

No. 3 the analysis by the ordinary British method with dilute acid 
and ammonia. Duplicate samples agreed closely except in the coarsest 
fractions. 

Since the shaking and pestling in No. 2 and the reagents in No, 3 
bring an undue proportion of the humus into the finest fractions, it is 
only the columns after 'ignition that are strictly comparable, 

HaIBi), in comparing methods of mechanical analysis obtained 
similar results. Attempts at a separation by mechanical means alone, 
failed to remove all the clay from the coarser fractions. i?rom his 



336 Studies of a Scottish Drift Soil 

experiments, he concluded that treatment of the soil with dilute acid 
before commencing analysis does not dissolve any appreciable amount 
of the mineral matter except CaCOs, and that all it does is to resolve 
completely the temporary aggregates. 

According to Dumont (5), the mineral particles of the soil are covered 
with a humus-clay coating very difficult to remove. But whether it is 
as a coating to the larger particles or in the form of aggregates the 
tenacity with which the clay is held may he judged from a comparison 
of the results in Table L 

For the purpose of this investigation fairly large quantities of each 
fraction were required, so the mechanical method described above was 
now applied on a large scale. 1000 grams of soil passing the 3 mm. sieve 
were soaked, pestled and shaken as before and a mechanical analysis 
(corresponding to No. 2, Table I) carried out, using vessels suitable foi 
the increased quantity of material. 

It was found that 40 to 50 decantations were necessary to remove 
the clay, and even then the supernatant liquid was not perfectly clear, 
and the difficulty arose of removing the small amount of clay from the 
very large volume of water. Settling was slow and incomplete, and it 
was obviously inadmissible to employ any flocculating agent; filtration 
was useless as the fine particles quickly clogged up the pores ; evaporation 
was undesirable both on account of the time required and because of 
the danger of altering the properties of the clay; no suitable centrifugal 
machine was at hand so at the suggestion of one of us an ordinary cream 
separator was tried and this proved very successful. 

It was found, if the inlet were regulated to allow only a small stream 
to enter, and if a fairly high speed were kept up (8000-10,000 revolutions 
of the bowl per minute), that an almost perfect separation was effected. 

The plates of the separator howl which at the end of a milk separation 
are coated with a slime of impurities removed from the milk, retained 
the clay. The bowl was removed and dried in an air oven at a low 
temperature, and when dry, the clay was easily removed from the plates. 

The other fractions were obtained without difficulty, and the size.s 
of their particles checked with the microscope. 
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The Presence of Organic Matter in the Fractions 
AND ITS Distribution. 

There was present in the soil examined, a considerable amount of 
organic matter which in the mechanical analysis became distributed 
among the fractions. That the organic matter plays some part in 
absorption by soils has long been recognised, but its exact share Is very 
difficult to determine, since removal of the humus by ignition or by 
solvents would alter the properties of the mineral particles and colloids. 

Hall and Gimingham (O), from experiments with peat, concluded that 
its influence was comparable to that of clay. This, however, must vary 
according to the nature and stage of decomposition of the humus, and 
would differ in difierent samples and in different fractions of tlie same 
sample. To enable us to make, if possible, some allowance for its influence 
on the absorptive power of the fractions, and to facilitate comparisons 
with future work on other soils, humus was estijuated in each fraction 
separately. This was carried out in two ways: («) loss on ignition was 
determined, (6) the carbon in the various samples was determined bv 
a modification of the chromic acid method (Cameron and Brazeale{7}}, 
and the organic matter calculated on the assumption that soil organic 
matter contains 58 % of carbon. 


Table 11. Orgamc Matter in the Soil and its Fractions, 


Fraction 

Chromic Acid Metliod 
(Cameron and Brazeale) 
per cent. 

Loss on ignition 
[.XT cent. 

Fine gravel 

1'04 

1-38 

Coarse sand ... 

0-92 

1-07 

Fine sand 

0-98 

i:i6 

Silt 

9-52 

11-81 

i^ne silt 

20-76 

28-r>2 

Olay 

24-o2 

34- SO 

Original soil 

fj-11 

9-(i9 


An examination of the soil showed the organic matter to be well 
decomposed, Ko fresh vegetable remains were to be seen and the 
humus appeared to be well decayed. 

The amount in the original soil (over 9 % as shown by ignition) 
is about normal for soil of the district, and the process of mechanical 
analysis naturally brought the bulk of the organic matter into the 
finest fractions. 

The amounts as shown by loss on ignition are considerably greater 
than by the Chromic Acid Method, and this is doubtless due to the 
breaking up of hydrated compounds by ignition. 
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Absorptive Power for Ammonia op the Soil 
AND ITS Fractions. 

Tlie method adopted for determining the absorptive power was to 
shake up small quantities of the soil and its fractions with a certain 
volume of a weak solution of ammonium sulphate. After contact for 

Qbsorpttoa by 10 portions op Soil 

pr actio ns prom a solution op 
Crtnmoniuni Sulphate. 



a period long enough to make sure equilibrium had been attained, the 
solution was separated by means of filtration and the amount of ammonia 
removed determined by distillation with magnesia. The results have 
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been expressed throughout this paper as grams nitrogen ie]nove(i bv 
10 grams of the soil or of the soil fractions from oO e.c. of solution. 

The solution used was obtained by dissolving 5 grams ammonium 
sulphate in distilled water and making up to 1 litre. 50c.c. of this 
solution was added to 10 gram portions of the air dried soil fractions 
in stoppered bottles, and these were shaken at intervals for 'J4 hours. 

After settling to allow solid materials to fall to the bottom, the 
supernatant liquid was poured off and filtered tlirovigh one thickness of 
ordinary Swedish filter paper. The filtrate was analysed for nitrogen 
by distillation with naagnesia using N/10 NaOII and Xdii 

By taking 20 c.c. at a time for an estimation, the determinations 
were carried out in duplicate. 

Filter paper has a small absorptive capacity but a blank was caj ried 
out on the original ammonium sulphate solution, and this was liist 
passed through a filter paper. Again, as it was not the object of tliis 
investigation to get an accurate mathematical' expression, b\rt to get 
a general workable idea of the absorptive power of the soil itself, and of 
its various fractions, with a view to coinpajisou with other soils, no 
account was taken of temperature, but as the experiments were all 
carried out at ordinary laboratory temperature which did not vary 
much, any differences due to this cause could only have been very small. 


Table III, Ahsofption hij Soil and its Fractions, 


Fraction 

Absorption by 10 grma. 
of material from ;;0 c.c, 
aolntion of ainmonimii 
sulpliate. fjirius. nitrogen) 

Fine gravel 

■001 

Ck^arae aand 

■001 

Fine sand 

■003 

Silt 

•010 

Fine ailt 

■01') 

Clay 

•017 

Original soil 

•OOl) 


Table ITT gives the absorptive power as grams of nitrogen absoibed 
by 10 gram portions of the soil and its fractions. 

Buplicates were found to vary to an extent not greater tlian 
•2 c.c. N/10 NaOH, equal to *00028 gm. M. This variation was duo 
probably to the separation not being perfect ami the samples not being 
perfectly uniform, but as it does not affect the third decimal place, it is 
not important. 

The samples could not be completely dried before being used in the 
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absorption experiments, as that might have interfered with colloid 
matter which they contained, and hence with their absorptive capacity. 
As the different fractions contained different amounts of moisture 
separate estimations of the moisture were made by drying portions of 
] 0 grams at 100° C. — the results in Table III being based on the drv 
weight. 

The following conclusions may be drawn from Table III : 

1. The soil itself before separation into fractions has a fairly high 
absorptive power for ammonia from a solution of ammonium sulphate. 

2. There is a very considerable absorption by each fraction beginning 
with “fine sand.” 

3. “Silt” and “fine silt” have a very high absorptive power — 
a]iproaohing that of “clay.” This may be partly due to the organic 
matter, but the fact stands out clearly — that these fractions can play 
an im]n;)rtant part in soil absorption. 

4. The absorptive power of “clay” is highest, but is not so high 
compared with that of “silt” and “fine silt” as might have been ex- 
pected, considering the enormously greater surface. 

Dtstribution of the Absorptive Power among 
THE Soil Fractions. 

Although the “clay” has the highest absorptive power its actual 
share in the total absorption by soil depends on the amount present. 
In Craibstone soil, as we have seen, there is but a small amount of 
“clay,” especially if the weight after ignition is taken. 

To compare the shares of the different fractions in the total absorp- 
tion, the absorption of each fraction must be multiplied by the percentage 
of the fraction which the soil contains. This has been calculated both 
from the percentages before and after ignition. Table IV (A) shows 
the absorption calculated on the mechanical analysis by distilled water 
(Table I, No. 2). Table IV (B) shows the absorption calculated on the 
mechanical analysis by the ordinary British method. 

It will be seen from these tables that “fine silt” and “silt” take 
a very large pait in the absorption by this particular soil and even the 
“fine sand” has a considerable influence. 

This may of course be largely due to the organic matter in these 
fractions, but it at any rate shows that a soil which contains but little 
“clay” may from its other fractions have a considerable absorptive 
power. 
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The presence of organic matter and the other limitations in these 
determinations make it impossible to ascertain whether tiie absorptive 
power is proportional to the amount of surface, but the evidence seems 
to indicate that the “silt^’ and ‘‘fine silt” have at any rate as great an 
absorptive power in this soil as the “clay.” 

Table IV (A). 

Distrihution of tJie Absorptive Poiver amonq (he Fracfions 
of Craibstone Soil. 


(Calculated on the Mechanical Analysis by distilled water alone (Tabic I, No. :!).) 



Absorption 

Percentage of PercciiUge of 

Absorj)tion x 

.Absorption 


by 10 grms. 

fraction in 

fraetbm in 

percentage 

percent agi 


of fraction 

soil (before 

soil (after 

(before iirni- 

(.after igni 

Fraction 

(grms. nitrogen] 

ignition) 

ignition) 

tion) 

tion) 

Fine gravel 

•001 

1019 

10-07 

■01 

•01 

Coarae sand 

•001 

31-41 

31-03 

03 

■03 

Fine sand 

•003 

26-54 

26-01 

■08 

■OS 

Silt ... 

•010 

14-72 

12-44 

■1.') 

■12 

Fine eilt 

•015 

9'64 

7-07 

14 

■n 

(’lay ... 

■017 

6'53 

3-09 

11 

■0.7 

Total ... 

— 

— 

-- 

•.V2 

■40 



Table IV (H). 




Dislrihulion of the Absorptive Power among the, Fraciwns 
of Craibstone Soil. 


(Calculated on the Mechanical Analysis by the ordinary British method ( i able 1, N‘>. .p- 1 


Fraction 
Fine gravel 
Coarse sand 
Fine sand 
Silt ... 
Fine silt 
Clay ... 
Total ... 


Absorption 

Percentage of Percentage of Altsorptien ;< 

.'Absorption 

by 10 grins. 

fraction in 

fraction in 

percent age 

percent i»g( 

of fraction 

soil (before 

soil (after 

(before igni- 

(after igni 

(grms. nitrogen) 

ignition) 

ignition) 

tion) 

tion) 

•001 

10-09 

9-93 

■01 

•(U 

•001 

30-08 

29-73 

■03 

•t>3 

■003 

26-20 

2.TSn 

■08 

■08 

•010 

14-18 

12-47 

•14 

-12 

•015 

9-62 

7-03 

■14 

■11 

■017 

8-88 

3-80 

■15 

•66 


— 

_ 

•5.5 

•41 


There are probably other factors than area nf surface determining 
the amount of absorption. It has aireadv been slinwn, in Part I, that 
the different fractions differ greatly in composition, srp it is at Jcasl 
possible that differences in composition of the various fractions avc 
some influence on the absorptive power. 
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Summary. 

1 . Craibstone soil — a glacial drift soil which has not undergone very 
profound weathering and is free from calcium carbonate — has a con- 
siderable absorptive power for ammonia from a solution of sulphate of 
ammonia. 

2. It was found possible to make a mechanical analysis of a laige 
quantity of this soil without the use of acid and alkali, and although 
the separation into fractions was by no means perfect, a very fair 
comparison was obtained of the absorptive capacities of the different 
fractions. 

3. The absorptive power per unit weight of the fractions, as would 
be naturally expected, increases with the decrease in size of the particles, 
reaching a maximum in the case of “clay.” 

4. “Fine silt” and “silt” have also a high absorptive power. This 
may be partly due to the presence of organic matter, but allowing for 
that, these fractions have a high power of absorption. 

5. It was not the object of these experiments to draw any detailed 
conclusions as to the relation between surface and absorptive power, 
but it seems probable, from the results obtained, that the absorptive 
power is not determined by surface alone, and that the chemical com- 
position of the fractions has an influence on the absorptive power. 

6. The distribution of the absorptive power among the varioii.s 
fractions showed that in this particular soil with its comparatively 
small amount of “clay,” the “fine silt” and the “silt” take a large share 
in the total absorption. 

7. By thus dividing soil samples into fractions aud comparing the 
absorptive power of the fractions, surface differences are largely elimin- 
ated, and it may he pos.sible to throw' some light on the influence of 
differences of chemical nature and geological origin on absorptive power. 
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STUDIES OF A SCOTTISH DRIFT SOIL. 

PART Ul. 

By william GAMMIE OGG, M.A., B.Bc, 

AND JAMES HENDRICK, B.Sc. 

{Department of AgricMltural Research, UniversiO/ of Aberdeen.) 

Thk Absorptive Power of Powderkd Gramte and a 

COMPARISON WITH CrAIBSTONE'SoIL. 

It has been shown in Part II that a glacial drift soil in a coiii})aratively 
unweathered condition has a considerable power of absorption for 
ammonia, although it has sometimes heeii licld that it is the weathered 
material in soils that is responsible for the absorptive power, (da chi I 
drift, as exemplified in the Craibstone soil, liowcvei', though its 
weathering is geologically recent conijmred with that of many English 
soils, has been subjected to agedong weathei ing since the glneial ])erif)d, 
and in the process of soil formation a certain aniouiit of weathering 
with the resultant decomposition has necessarily taken place. Crailistone 
soil has also been shown (Table II, Part II) to contain a fairly huge 
percentage of organic matter and it might be contended that the 
absorptive po’wer was chiefly due to either or both of tlie.se factors. 

To prove or disprove this directly would be a very dilllcuH matter, 
but it is possible to show whether a comparable substance which has 
not undergone weathering to any appreciable extent and is free from 
organic matter has a similar absorptive power. This is by no means a 
new line of inquiry. In an attempt to determine the substance in soils 
on which absorption depends, Way(i) turned his attention ‘ to the com- 
pound silicates present in clay and derived from the granitic rocks 1o 
which clay owes its origin. Fragments of such rocks are found in clay, 
e.g. Felspar — double silicate of alumina and potash; albite a double 
silicate of alumina and soda; also a similar double silicate of alumina 
and lime. These different natural silicates finely powdered w'crc digesti?d 
in a solution of NH^Cl but none of them possessed the power of com- 
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bining with its ammonia. It is not, therefore, to the undecomposed 
remains of the granitic rocks that the absorptive power of clay is to be 
referred.” 

Since Way’s time, however, several investigators have shown that 
when salt solutions come in contact with certain minerals, a portion of 
the base is removed from solution. Sullivan (2), who* has carried out a 
series of investigations on this subject with special reference to geologic 
phenomena writes, “ With this in view, some of the changes that take 
place at ordinary temperature when water solutions are brought into 
contact with rock- forming minerals have been examined. The result 
has been in a word to make it apparent that the chemical reaction 
between silicates and salt solutions is a very general phenomenon, 
taking place to a decided extent immediately upon contact, and that 
the outcome is mainly an exchange of bases in chemically equivalent 
quantities between solid and solution; the metal of the dissolved salt 
is precipitated and an equivalent quantity of silicate is decomposed and 
its bases enter the solution. Salt solutions as decomposing agents are 
much more active than pure water and are comparable with acids in 
this respect.” 

From chemical analysis of mechanical separates (Part I of this 
paper (3)) from a iriiueralogical examination, and from a consideration 
of its origin it has been concluded that Craibstone soil contains a con- 
siderable proportion of little- weathered material. As it was impossible 
to separate the weathered from the unweathered and to remove the 
organic matter, a comparable substance uuweathered and free from 
organic matter was sought for, and since the soil was derived from 
granitic material, granite was chosen. 

The material used w'as obtained from Dancing Cairns quarries near 
Aberdeen and is a typical granite containing quartz, orthoclase, oligoclase, 
black mica, and white mica. It consisted of powder ground from granite 
rubble at the quarries by a factory which prepares artificial paving 
stones from granite dust and cement. The sample used was therefore 
a roughly ground powder prepared by mechanical means from granite. 

It consisted of material of all sizes from pieces with a diameter of 
three to four millimetres down to the finest dust. For comparison with 
the soil, this was subjected to a mechanical analysis with distilled water, 
as described in Part II of this paper; the fractions obtained corresponding 
to **fiue gravel’ (3-1 mm.), ** coarse sand ’ (l-*2 mm,), fine sand 
(’2— 04 mm.), “silt” (-Ot-’Dl mm.), “fine silt” (■01-'002 mm.) and 
“clay” (below ‘002 mm.). 
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Absorption op Ammonia by Powdered Granite. 

The absorption of ammonia from a solution of aiuiuoiiiuni suljiliato 
\Yas determined for these fractions as in the case of the correspoiidiiig 
fractions of Craibstone^soil (see Part II of this paper). 

There were again limitations as regards perfect se])a ration of tlio 
fractions and method of estimating the absorption though the ahseuce 
of ort^anic matter and other material binding the jjartieles together 
reude'red the separation much simpler than in the ease of soil. The 
Hnal results are expressed only to the third decimal place. 


Table I. Absorption by Powdered Granite. 


Fraction 
Fine gravel... 
Coarse sand 
Fine sand ... 

Silt 

Fine silt 
Clay 


Absorption by 10 grin,^. of 
material from .W c.r, of 
solution of ammoninm 
sulphate (grins, nitrogi'u) 


■001 

■002 

•004 

•Oil 

■021 


From these results it is evident that powdere.l vraiuto has a con- 
siderable power of absorbing ammonia from a solution 

sulphate, and as would naturally be expected this power is l.v far the 
(greatest in the finest fractions, 

A comparison of the relative surfaces exposed l)\- the lUllcreiil 

fractions is interesting in this connection. • 

If it is assumed that the particles are all .splierical aial have a spee.he 
aavitv of 2-65 and if the mean diameter of the particles m e.acli 
fraction be taken, the surface of any weight of a fraction can 
calculated from the following formula. 


Surface = 


wt. X 47rr2 ^ wt. >: d 

" spec. grav. 'xjirr^ spec. grav. x r 

It is impossible to draw any conclusions as to y;.™;:"''';*™' 
surface and absorptive power, for the difieient fin "ms ■ 
tainly differ in chemical composition, and also no a ‘ ' ^ ^ 

lor the falling off in absorption as aounonia was removed and the. 

solution became weaker. , . v .+ infiiiilc 

The actual particles are not uniform spheres, n - 
variability and the surfaces are much greater than s i . ■ 

jQura. of Agric. Sci x 



346 


Studies of a Scottish Drift Soil 

Sullivan points out, the surface actually exposed to a salt solution even 
in the case of a fresh rock in situ, is perhaps greater than is apparent 
and in the material under consideration, the fractures caused bv the 
grinding must have further increased the surface. 


Table II. 


Absorption and llieoretical Surface of Granite Fractions, 


fraction 

Surface per lOgrms. 
fsq. cma.J 

Absorption per 10 grma. 
from solution of 
ammonium sulphate 
(grms. m'trogen) 

Fine gravel ... 

113 

— 

Coarse sand ... 

377 

•001 

Fine sand 

1887 

■002 

Silt 

9057 

•004 

Fine silt 

37,736 

•Oil 

Clay 

226,415 

■021 


It may however be assumed that the surface varies inversely as the 
mean diameter, as in the case of regular figures. If we calculate on this 
assumption we arrive at the figtfres shown in Table III. 


Table III. 


Actual abaorption 

Mean diameter proportion found 

(aun.) Proportion Inverse by experiment 


Coarse sand ... 

■7 

700 

1 

1 

Fine sand 

•12 

120 

6 

2 

sat 

•025 

25 

28 

4 

Fine sQt 

•008 

6 

116 

11 

Clay 

•001 

1 

700 

21 


In Table III the column headed “Inverse” shows approximately 
the inverse proportions of the mean diameters, and it will be seen that 
the actual absorption found in the case of the difierent fractions is not 
even approximately proportional to these inverse proportions. For 
instance the “fine silt and “clay” have mean diameters which bear the 
ratio to one another of approximately 6 to 1. The “ clay ” should therefore 
have about six times the surface of the “fine silt,” but its absorptive power 
is only about twice as great as that found for the “fine silt.” Somewhat 
similar results are found in the other cases. The evidence, therefore, 
80 far as it goes, indicates that the absorption does not vary propor- 
tionally to the surface, though as the surface becomes greater the 
absorption becomes greater, but at a much lower rate. 
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Comparison op the Absorptive Power of the ^oil 
AND Granite Fractions. 

In comparing the soil and the granite fractions we must take accomjt 
of the following differences: 

1. The soil contains hnmua and the granite does not-. The granite 
has on that account, however, a greater mineral surface. 

‘2. Through weathering agencies the soil constituents have uwdov- 
gone wme Aeoompoaition while the granite may he taken as ahnnst 
unweathered. 

3. In the processes of weathering and grinding, ajjd also in t lie eourso 
of mechanical analysis, the various fractions of soil and ^^ranitc have 
to some extent become sorted out into material of did'eveut cluMuicul 
composition. 

4. The soil constituents may have already absorbed a certain 
amount of ammonia before the sample was taken' from the lidd. Hearing 
these differences in mind, we give the comparison in Table IV. 

Table IV. 

Comparmn of the Absorptive Power of Soil and 
Gmnite P'racl \o i is. 

% h minis ill M>i} 


Fraction 

OranJto 

Soil 

(chromic iifiO 

Fine gravel,.. 

— 

■001 

no 

Coarse sand 

■om 

•00 i 

0-0 

Fine sand ... 

‘002 

■003 

0-fl 

Silt ... 

•004 

<010 

O-r. 

Fine silt ... 

-ou 

•01 0 

20-7 

Clay 

■021 

•017 

24 -,7 


The comparison brings out a general similarity betwceti the absorp- 
tions of the soil and the granite fractions. 

The fraction of granite corresponding to “day” has an absoi-ptimi 
higher than that of “clay” from Craibstone soil, and weight for weight 
of mineral matter nearly as high an ahsorption even supposing organic 
matter took no part and the whole of the soil absojption was (l\ie to 
the mineral matter. 

The absorption by “fine silt,” though less than that )>y the corre- 
sponding soil fraction is fairly high, indicating that, “fine silt” in soils 
apart from the organic matter, may play an important [nirt in absorption. 

The coarser fractions are much less important and the largo difTcnmcc 
in the “silts” may be chiefly due to the presence of liumus in the soil 
fraction, though the evidence does not point that way. 


23~2 
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With 80 many unknown and varying factors it is difficult to draw 
any detailed conclusions from the comparison, but it seems legitimate 
to conclude that unweathered mineral particles when they occur in soils 
may take a very considerable part in soil absorption. 


Absorption after Ignition. 

As Way pointed out in 1852, the power of a soil to combine with 
anunoiiia is greatly reduced by burning it. “It would seem the more 
strongly the soils were burnt, the more completely was their absorptive 
power destroyed.” 

Experiments by Way on a clay containing no vegetable matter nor 
oxide of iron (from a pit 20 feet below the surface) showed a large 
absorptive power. After heating strongly for two hours in a covered 
crucible, the absorptive power was sensibly diminished though anything 
but destroyed. Way also tried the effect of heat on the artificial double 
silicates which he prepared, and found that after being heated to redness 
they no longer absorbed ammonia. 

Table V. Comparison of the Absorptive Power after Ignition. 

Abaorption by 

Absorption per Absorption per equal weights 
10 grins. 10 grms. {lOgrms.) 

go loss of weight before ignition after ignition ignited miateria! 
on ignition (grms. nitrogen) (grins, nitrogon) (grms. nitrogen) 


li'ractiion 

Soil 

Granite 

Soil 

Granite 

Soil 

Granite 

Soil 

Granite 

Fine gravel 

... 1-38 

0-48 

•001 

— 


— 

— 

— 

Coarse sand 

... 107 

0-66 

•001 

-001 


— 

— 

— 

Fine sand 

... 1-36 

0-86 

•003 

•002 

■001 

•001 

■001 

•001 

Silt ... 

... 11-81 

1-05 

•010 

■004 

■002 

■002 

•003 

•002 

Fine silt 

... 28-52 

3-01 

•015 

•Oil 

•004 

■006 

•006 

•000 

Clay 

... 34-.59 

6-96 

-017 

■021 

•005 

•013 

■007 

•014 

He concluded that this was due to their losing 

water of 

combination. 


“ It is only in the state of hydrates that the double silicates possess the 
propeity in question, and this again accounts for the fact that the 
retentive power of clay and soils in general for ammonia was very much 
diminished and in some cases entirely destroyed after the soils had been 
heated to redness.” 

To see if it would throw any light on the share taken by undecom- 
posed mineral inattcr in absorption by Craibstone soil, the fractions of 
soil and granite were ignited and the absorptions after ignition compared. 

The organic matter in the soil is destroyed by ignition and the 
absorptive pow^er of the fractions consequently lowered, but if the 
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absorption due to mineral constituents is of the same nature in both 
cases, then after ignition equal weights of soil and gi anite fractious might 
be expected to show a similar absorptive power. 

To compare the absorption of soil and granite after ignition tlu‘ 
fractions were ignited over a Bunsen at a h)\v red heat and the absorp- 
tion determined as before by shaking up with a solution of aminouium 
sulphate containing 5 gms. (NH 4 ) 2 S 04 per litre. 

The chief points brought out by the comparison are 

L The absorptive power of both soil and granite is very mucli 
reduced by ignition. 

‘2, The lowering of the absorption is much greater for soil than for 
granite. 

3. Calculating what would be the absorption by equal weights of 
i.r,iited material, it is found that the soil and granite fractions are vei v 
similar except in the case of ‘^clay ” which has its. absorption very inueli 
further reduced for soil than for granite. 


Retention of Absorbed Ammonia by Un weathered Material. 

Several investigators have shown that material absorbed by soils is 
very firmly retained and is not readily removed by water, In regard 
to this Way (4) writes in 18o2 “Whatever may be the form ot (•ond>in:i 
tion in which ammonia is retained, it is plainly in nn insoluble st<iii . 

A. Voelcker(5) in 1860 carried out a series of expeiiineiits on iiininonia 
retention, and concluded that “In no instance is tlu-, ammonia absorbed 
by soils from solutions of free ammonia or from ammomacal salts so 
completely or permanently fixed as to prevent wat(>r from waslimg out 
appreciable quantities of the ammonia. . .but the jiower of soils to re- 
move ammonia from solution is very much greater tlian their ])roperly 
of yielding it again to water.” Retention of absorbed materials pio m ) > 
depends largely on the nature of the soil. In cases where large annnmis 
of organic matter and weathered material are firesent, these m.i.\ ia\ t 
the chief share in the retention, and light sandy soils wiDiout much 
humus are generally held to have little power of retaining mamiies. 
It has been shown that powdered granite has a consi<lera hic absorj) i\ e 
power for ammonia, but this would have little piartica va m. i 
accompanied by some power of retention, and to determine udmtl.er 
the absorbed ammonia is readily removed by water, a pci eolation cx 
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retiuired for the solution to pass through, and also because of its tcuacucv 
to form channels and not pass evenly. The material used was passed 
through a sieve with 100 meshes per linear inch, and included all the 
fractions finer than coarse sand. 

The percolator consisted of a glass tube of 2*o cm, diam. ami iw 
gnus, of the granite occupied a height of about '1\ cons, A solution of 
ammonium sulphate containing 5 grins, per litre was percolated through 
the column of granite 20 c.c. at a time, and this was continued until the 
solution came through practically unchanged. 

The percolate began to run on the third addition of 'ib e.c, of solution 
and nitrogen was determined as before, by distillation with magnesia, 
in every 20 c.c. of percolate. 

Table VI . Absorption of A mm o n ia by Poirde red (rra n ite. 


Number of 

Gniia. nitrogen in 

Crms. nitrogen 

percolate 

20 c.c. percolate 

retained by 'zi'anite 

1 

■0004 

■0214 

2 

‘0002 

■0370 

a 

•0172 

■0410 

4 

‘0199 

■U43r» 

5 

•0204 

■0449 

6 

■0207 

04(i(l 

7 

■0210 

■OIOS 

8 

■0211 

•0470 

9 

■0213 

■OlHO 

10 

■0214 

■0484 

11 

■0214 

■0488 

12 

■021.') 

■0-191 

13 

■0196 

(■o.)i:b 


It will be seen from the table that the ammonia was almost totally 
removed from the first 20 c.c. that passed. As more suhilion (lowed 
through, the amount of nitrogen in the percolate increased, until, when 
the thirteenth addition had been made, the tenth 20 c.c. of percolate 
came away practically unchanged. Percolation with ammonium sulphate 
solution was stopped at this point. 

20 c.c, of the ammonium sulphate solution contained -0218 grms. of 
nitrogen and by subtracting the amount of nitrogen in every 20 c.c, of 
the percolate from this figure, the total amount retained after each 
addition of solution, was ascertained. 

Sulphate was determined in the first five portions of the percolate 
and it was found none had been retained. 
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Eemoval op the Ammonia by Water. 

An attempt was now made to remove the ammonia by percolatiaff 
distiJied water 20 c.c. at a time, fchrow^h the column. 

Thirteen additions of ammonium sulphate solution had been made, 
but as it required slightly more than 40 c.c. of solution to saturate the 
granite, it was not until the third lot of distilled water had been added, 
that thirteen portions of percolate of 20 c.c. each were obtained. 

The washing out of absorbed ammonia therefore properly began with 
the fourteenth portion, and there was present in the granite dust at this 
point, the total nitrogen added less the sum of the nitrogen recovered in the 
fiist thirteen portions of percolate (-0218 x 13 ~ -2321 = -0513 gms. N). 
Percolation wdth water was continued until the percolates were practi 
cally free from nitrogen. The results are shown in Table VII. 

As will be seen from the table, there was a gradual but comparatively 
slow removal of the absorbed ammonia — the rate of washing out falling 
off, until, when about 20 % of the total amount absorbed remained, the 
amount removed by 20 c.c. distilled water was practically negligible. 

This bears out the conclusion arrived at by Voelcker for soils that 
the rate of washing out is slow compared with the rate of absorption. 
It would also appear that even where the absorption in soils is due to 
un weathered mineral matter there is little risk of appreciable quantities 
of absorbed ammonia being washed out. 

The granite was removed from the percolator and the nitrogen re- 
tained determined by distillation with magnesia as before. This gave 
•0048 gms. nitrogen which left only *0072 — -0048 ^ ’0024 gms. nitrogen 
unaccounted for. The conditions of the experiment were quite un- 
favourable to nitrification, and the balance was probably fixed in a 
less easily decomposable form. 

It is difficult to determine in what form the ammonia is retained. 
\Vay{0) from his experiments on artificial silicates concluded that an 
almost insoluble double ammonium silicate was formed. Voelcker(7} and 
others have shown that when ammonium sulphate is added to the soil 
as manure, an insoluble nitrogenous compound is formed which remains 
in the soil whUe the calcium sulphate washes out in the drainage water. 

Russell (8) found that the compound formed is not completely de- 
composed on distillation with magnesia and concludes that it does not 
seem to be an ordinary ammonium compound. 

Since the sulphate is not retained by the soil or granite, but merely 
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the base, some other base must come through or free sulphuric acid be 
produced. 

Table \1T. 

Removal of Ammonia from Powdered Granite hy Distilled TVaJcr. 


Number of 

GrmB, nitrogen in 

Grnia. nitrogen 

percolate 

20 c.c. percolate 

retained by granite 

14 

•0048 

•0465 

16 

■0042 

•0423 

16 

•0028 

•0395 

17 

•0022 

•0373 

18 

•0022 

■0351 

19 

■0018 

•0333 

20 

•0017 

•0316 

21 

•0017 

■0299 

22 

■0014 

•0285 

23 

•0014 

•0271 

24 

•oou 

■•0257 

25 

•0013 

•0243 

26 

•0013 

•0229 

27 

•0013 

•0216 

28 

■0012 

•0204 

20 

•0012 

•U192 

30 

■0010 

•0182 

31 

■0010 

■0172 

32 

•0010 

■0162 

33 

•0010 

■0152 

34 

•0009 

■0143 

35 

•0007 

•0136 

36 

■0007 

•0129 

37 

•0007 

•0122 

38 

•0006 

•0116 

39 

■0006 

•0110 

40 

•0006 

■0104 

41 

•0005 

•0099 

42 

‘0005 

•0090 

43 

•0004 

•0091 

44 

•0004 

•0087 

45 

■0003 

‘0084 

46 

‘0003 

•0081 

47 

■0003 

■0078 

48 

•0002 

•0076 

49 

•0002 

■0074 

50 

•0002 

■0072 


The percolates with powdered granite showed no acidity to litmus, 
so that if free acid was produced it must have combined with other 
bases present in the granite. Analysis of a solution obtained by shaking 
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up a quantity of granite dust with ammonium sulphate solutions and 
filtering off the granite, showed that the base which chiefly replaced the 
ammonium was calcium. There was also an increase in potassium 
sodium, magnesium and silica compared with a solution from the same 
quantity of granite dust and distilled water. 

These results throw little light on the means of retention. But 
whatev^er be the mode, there is certainly a considerable power of ab- 
sorption by powdered granite, and the ammonia so retained is not 
readily washed out. From the results of the percolation experiment it 
seems likely that the absorption by un weathered material at any rate 
is largely an adsorption effect — addition of solution causing a decrease 
in surface tension and a concentration of ammonia in the surface layer; 
addition of water increasing the surface tension and diminishing the 
concentration in the surface layer, i.e. negative adsorption. 

Conclusions. 

1. Powdered granite in a finely divided condition has a very con- 
siderable absorptive power. 

2. Compared with fractions from Craibstone soil, granite fractions 
have a similar power of absorbing ammonia and it would appear that 
absorption is not by any means due to weathered materials, alone, but 
that unweathered materials have quite as great an absorptive effect. 

3. The evidence indicates that the absorption does not increase pro- 
portionately to the increase of the surface with fractions of increasing 
fineness, but at a lower rate than the increase of surface. 

4. After ignition there is a reduction in the absorptive power and 
this reduction is more marked in the case of the soil fractions. 

5. The absorbed ammonia is only gradually washed out by water, 
but the whole of it is not removed in this way — a point being reached 
when practically no more ammonia is removed. 

6. Absorption by powdered granite and probably also by the un- 
weathered or little weathered materials in soils, seems to be largely an 
adsorption effect. 

Publication of Parts II and III of this paper was delayed by the 
war. Since they were drafted a valuable resume of the subject by 
Prescott has appeared in Vol. viii of this Journal 



W. O. Ogo and J. Hendrick 


355 


Absorption by 10 ^rd,m portions of 
the uarious fractions of poujdercA 
dranlte from a 5oluti.on of 
^ Ammonium- 


31 

» 


Sulphate* 





nn* c<>»T5« rit>e sat ntu cu^ 
S4n6 Sand Si-U: 


Bafom fH . afUr 

l^ition, I m l^ntfloa. 




MilLl^ra.tns ^itTro^en Per lOO Qrms. <^rAia».te- 


357 


W. G. OOG AND J. HrNDRKK 


Absorption of Ammoma by foiodercdl (granite - 

Sc Subsequent CUdsbi-tt^ Out b^ Distilled lUatcn 



REFEREKCES. 

(1) Journ, of the Roy. Ayr. Soc. 18^52, 13, 

f2) The luteraotioD between Minerals and Water Solutions, 1007, Bid. 312. U.S. 
Geol. Survey. 

(3) Journ. of Ayr. Set. 1916, 7, 458Hl6y. 

(4) Loc. cit. 

(5) J(mm. Roy. Ayr. Soc. 1860, 21, 105-134. 

(6) Xoc. cit. 

(7) Journ. Roy. Agr. Soc. I860, 21, 105-134. 

(8) Journ. Agr. Sci. 1910, 3, 233-245. 

{Received December 30M, 1919.) 





VoLUfilE X 


OCTOBER, 1920 


Fart IV 


COMPOSITION AND PROPERTIES OF OAT 
GRAIN AND STRAW. 


By REGINALD ARTHUR BERRY, F.I.C. 
Professor of Agricultural Chemistry, West of IScotland CtiUegr 
of Agriculture, Glasgow. 


itorapi 


V CONTENT^ 

Introductiou 

EsBtnination of the Grain 

A. Mechanical methods 

Separation of the grain into kernel and husk 
Humidity of the atmosphere and its edect upoixtlie w 

Weekly variation in weight 

Variation in weight of a bushel of grain during 

B, Chemical methods 

Water . . . 

Crude fat fether extract) 

Free fatty^cids 

^ Crude fibre 

Ash and;Niti’ogerf . 

* Absorption and distribution of nitrogen and mineral 

growing Oat 

I'lan of the experiment . ... 

i Nitrogen, potassium, asli, phosphoric acid 
' Return of plant constituents to the soil . 

Silica and phosphate absorption 
Changes in the composition of tho grain, -straw, chaff, and hiii 
growth . . , ■ • . ‘ ■ 

Ratios between the constituents of the grain 
-.Individual grains in the spikelct 

Varieties of Oats 

Native Oats • 

Proportion of whole grain in sample . 

Composition 

Parental types 

Ol’d and new varieties , . . 

Grain and straw producing varieties . 

Early and late varieties . . . • 

Winter Oats , . . , ■ 

Nutritive value of Oat grain . . . > 

Composition and feeding value of oatmeal 
Mealing power of Oat grain 

Water in oatmeal ' i. 

Composition of the husk and chaff of different 
Proportiw of embryo in kernel . . ■ 

Correlation otsize with other characters of the grain 

Early and late sowing 

Effect of manuring 

Influence of season , 

Influence of locality . . • ■ ■ , 

Period of growth and its effect i^on the gram 
Soil and its effect upon the crop^ 

Susceptibility of varieties to change • 

ChaActers of the grain subject to variation ^ 

Mineral constituents of the grain 
^ Proportion of whole gr|in. in sara|»!cs 
Imported Oats . 

Oat straw . , . 

Summary 
Appendix 

Joum, of Agric. Sci, s 


lies 


;U)0 

:h>i 

:i(4 

diiii 

liBfi 

dlKi 

:mis 

:ui<) 

:17() 


:m 

117 1 
:iTl 
374 
374 


37o 

:177 

377 

37S 

37b 

3Hi) 

3«L> 


3HH 


3HH 

3HH 

3bO 

3!ll 

3!>3 

3!»3 

3!>3 

3S»4 

:«f> 

:«>(> 

3'.)7 

:{<ib 

401 

401 

402 

403 

404 
404 
400 
40H 
413 



360 Composition and Properties of Oat Orain and Straw. 


Introduction. 

Investigations in connection with the oat crop have been carried on 
at the Experiment Station of the West of Scotland College of Agriculture, 
at Kilmarnock, since its inaiiguration in 1890. For several years pre 
ceding 1911 over a hundred seedsmen’s varieties of oats were grown there 
annually. Variety tests were also carried out on a large scale on farms 
situated in the counties in the administrative area of the College. Their 
object was to test the yielding power of different varieties of oats and' 
their suitability for cultivation under the varying conditions of fanning 
in the south and south-western counties of Scotland. The results 
obtained have been issued from time to time in the form of College 
Bulletins^. 

The material which these experiments provided seemed to offer an 
opportunity for a systematic study of the influence of variety, soil, 
climate, manures, etc. on the composition, character and yields of oat, 
grain and straw. With this object in view a commencement was made 
in the summer of 1909 to collect samples for analysis, and to accumulate, 
other necessary data. The work has been continued at intervals up to 
the present time, and the results obtained are dealt with in the present 
paper. 

Examination of the grain. 

A three pound sample was taken to represent the bulk and, except 
in the case of imported oats, wild and native oats, “dressed” grain was 
used. Before analysis the grain was exposed on aluminium trays in 
the Laboratory for at least 24 hours. 

A. Mechanical methods. 

Separation of the grain into kernel and husk. 

A sample of grain as a rule contained small but varying amounts of 
chaff, pieces of straw, weed seeds, and free kernels already husked 
(shelled grain). These were removed and their proportion in the sample 
determined before weighing out the whole grain for the separation of 
the husk. 

The separation of the husk was a long and tedious process, the 
only trustworthy ^ethod being the dissection by hand of each individual 
grain. In the husking the little tuft of hairs situated at the apex of the 
kernel was mostly broken off. and lost, but as the hairs formed only 
a small proportion of the weight of the kernel, the loss was insignificant. 

^ Wright, R. Patrick, “Experiments 'anth Oats,” Bulletins 12, 17, 18, 41. West oI 
Scotland College of Agriculture, Glasgow. 
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These hairs form part of the oat dust. An example of the tigurea obtained 
for each sample is given below: 


Kernel, free 


4-84 ‘y; 


Weed seeds, chaff (Glume) etc. . 

0-27 „ 

1 'Oa “(j 


Kernel 

.. 17-51 „ 

7 O’ 53 

74’90‘\, 

Husk (pale) 

5'S5 ,, 

23’')4 

25-04 


24-83 grmg. 

100-00 

100’00'\, 


• Humidity of ike atmosphere atid its effect upon the weight of the tfrui)f. 

In some cases the combined weight of the Imsk and kernel wan 
less, and in others more, than the original weight, of the grain. Dining 
the husking the hygrometric condition of the attnospherc in the Liihoru- 
tory was rarely the same at the time of the initial weighing, as it was at 
the time of the final weighing, and it was thought tliat this might partly 
account for the differences. The following figures -are examples of each 
case. 

A ten gram sample after husking weighed 

Next dav 



Afternoon 

Forenoon 

Afteinoon 



grms. 

grms. 

grms. 


(1) Kernel 

7-450 

7-470 

7-464 


Husk 

2-500 

2-518 

2 ’501 



9-950 

9-988 

9-968 



Afternoon 

2nd day 

10 a. 111 . 

3rd day 

11 a.m. 

4th ilay 
n a.m, 


gritifl. 

grms. 

gnus. 

’jrins 

(2) Kernel 

7-735 

7-726 

7-734 

7’749 

Husk 

2-26+ 

2-272 

2-279 

2-285 


9-999 

9-998 

10013 

10-03+ 

Variation in the weight was 

greatest after 

' a night’!- 

i frost. An attempt 


to do the initial and the final weighings under as near as ])ossil)le the 
same atmospheric condition was not found to lie practicable, and it’ 
would have added considerably to the time of the operation to liave 
always worked on the “dry sample.” It was thei'efore decided to obtain 
some idea of the effect of varying conditions of the atniosphere on the 
weight of the grain. 

For this purpose 100 gram lots of each of the varieties -Petal t), 
Sandy, Beseler’s Prolific and Wide Awake -were weigiicd on aluminiuni 
trays and left exposed in the Laboratory ft>r ten flays, tiie weight of 
the grain being taken at regular intervals each day. The alteration in 
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tiie weights recorded was practicalij the same for each variety. The 
results for the ten days have been averaged and they arc given in the 
following table : 


Time 

Averages of 
wcighiiiga 

Average temp, of 
atmosphere C. 

9 a.m. 

10081 

6= 

10 „ 

100-8G 

8° 

11 ,, 

100-93 

10^= 

1 2 noon 

101-02 

ir 

1 p.in. 

101-07 

14® 

2 „ 

101-08 

14® 

3 „ 

101-07 

14® 

4 „ 

101 -07 

13® 

0 ,, 

101 00 

13® 


Between the hours of 9 a.m. and 2 p.m. each day there was a small 
increase, afterwards as the figures show, there was a slight falling ofi 
in the weight, and a gradual cooling of the air. The husk was more 
sensitive to the hygromctric condition than the kernel. Wilson^ finfis 
that the percentage of moisture in the husk and kerJiel of the ripe grain 
is practically always alike. This he attributes to the free and rapid 
interchange of moisture between the husk and kernel. The marked 
contrast between the early morning and noon- day temperature of the 
Laboratory was due to the absence of proper heating and to the fact 
that the season was mid-winter. 

V/eekly mriation in weight. 

In the course of ten days 100 grams of grain increased in weight to 
101-68 grams. Weekly weighings of 100 gram lots of newly threshed 
grain of Potato and Wide Awake varieties respectively were then carried 
out over a long period. The weighings commenced on the 29th November 
and were continued weekly until the 18th September in the following year. 
The weekly rainfall and the temperature of the atiiiosphere were recorded. 
The results are expressed in the form of a curve (Fig. 1, p. 363). 

During the winter months, the weight increased, the maximum 
increase amounted to about 1 *5 % of the initial weight, With the advent 
of warmer and a relatively drier condition of the atmosphere the weight 
slowly diminished, the maximum decrease being about 3 % of the initial 
weight which was reached in the middle of June, whilst from this date 
until the end of the experiment, it increased again. 

There is a certain amount of correlation between the rainfall, tem- 
perature, and weight variation curves. The lower weight generally 
^ Wilson, A. Stephen, A bushel of Corn, 1883, p. 290. 



L Mxi 

oouvcides wit\i tVe low im\h\\, aud Ki^k tcm^vraturo, and tke vevovs,- 
The humidity of the atmosphere was calculated from tlie read'm|;s taken 
at'Kilmarnock of the wet and dry biilh thermometer, nsum^ lie'immlt'.s 



equations a^ad Blanford’.s Psychroineter Tableh The result showed that 
the humidity of the atmosphere varied aceortiin*: to the rainfall and the 
‘ Simpson, G. C. ami Walker, Gilbert T„ Tables for (be irrJudion of Uctcmolofric-ai 
Observations issued by the Government of India, 19 U). 
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temperature, a low rainfall and a high temperature gave the relatively 
drier atmosphere. 

Yariaiion in weight of a bicshel of grain during storage. 

The alteration in the weight of a bushel of grain when stored in a 
granary over a period of several years was also determined. Two bushels 
of the grain of Wide Awake oat were measured into two sacks and 
accurately weighed, the weight of the sacks being 9 oz. respectively. 
Each sack was then weighed separately at three month intervals, the 
first weighing was in October 1912 and they were continued every throe 
months until July 1915. The figures are given along with those for the 
rainfall in Fig. 2. 



The weight was greatest at the first weighing which was made at the 
time of threshing. It continued to decrease for the first nine months, 
after that it varied according to the humidity of the air. 

The actual loss in weight of the grain whether threshed or iin- 
threshed for the first nine months depends primarily upon the water 
content at the time of stacking. In the present series of experiments, 
the water content of the grain at the time of cutting the crop was 
42 % and of the straws 05 %, At the time of stacking after the sheaves 
had been standing in the stooks for about 21 days it fell to 18 and 
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22 % respectively. These figures are the averages of four varieties 
harvested in 1918. Similar determinations made in 1913 gave practicallv 
the same result. 

The amount of desiccation which goes on while the crop is in the 
stook will of course depend principally upon the weathm’ conditions. In 
a warm and comparatively dry climate such as commonly prevails in 
the south of England the crop is stacked in a drier condition compared 
with that in the west of Scotland. The average water content of tlu' 
grain of the same varieties grown in tire same year, several nu)nth,s 
after threshing, was found to he 12-2 31) in the former and IM % in 
the latter case (see p. 399 and imported oats). The highest, in grain 
threshed in the month of October was 17-82 %, and the lowest found in 
the course of these experiments was 8*81) %. 

The water content affects the yield per acre and tlie nutritive value 
of the grain, a factor which must be taken into account when considering 
these two points. WilsoiO finds, other things 'being {‘(pial, that the 
bushel weight of grain containing a low' perrentage of water may be 
the same as that containing a high percentage of water. From this 
it follows that bushel weight must not be taken as an invariable index 
to mealing power, a practice which is sometimes followed'. Although 
according to the following figures obtained from the same varieties of 
oat grown in different localities, there is a direct connection between 
bushel weight and mealing powers: 


Natural weight 
per bushel 
lbs. 

per 330 U)S. 

Yield of oatmeal 
lbs. 

43-44 

,, 

2U) 

4-2 


200 

41 


2 o:i 

10 

,, 

197 

3!) 

,, 

193 

38 


ISO 


Fur the influence of size of grain and tluckncss of liusk on the weight 
per bushel see Tables, pp. 394 and 392. 

In view of the foregoing determ ijiations it was decided to {-alculate 
the results of the chemical analyses of the kernel given in this papc.i- to 
the “dry state” or to a uniform moisture content and to ivcord the 
percentage of moisture “as determined” in tlic sample. The results of 
the mechanical analyses are expressed in tlie air dry state, 

* Wilson, A, Stopheii, -1 bushel of Corn, 1883, ]j. I;)-!, 

2 Clark, J, E. and Adam.s, H, B., ‘'Plienologi(.'al ohscrvatioitH in tho Ilntish Islei* from 
Dec. 1914 to Nov. 1915,” iioynl ifde.ordogical Soc., 42, No. 180, 
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Twenty-five grams in duplicate were used for the husking. Latterly 
12‘5 grams in duplicate were found to give concordant results. 

Weight of 1000 grains and kernels respectively was determined in 
every sample examined. 

B. Chemical methods. 

The kernel, and in many cases the grain from the same sample, weie 
re.spectively ground to a meal and duplicate quantities were weighed 
out for the determination of water, oil, fibre, ash and nitrogen. 

Water. Preliminary determinations of the water content were not 
consistent. For example 5 grams of meal were weighed out daily from 
a quantity contained in a stoppered bottle, into a platinum capsule, 
and dried in the ordinary way in a steam oven for five hours. The 
results of the separate estimations were 1243, 12*63, 12*38, 12*15, 1242. 
12*20, 12-28 % of water respectively. The temperature inside the steam 
oven was registered and it was found to vary from 92° to 98° C. The 
higher temperature invariably gave the higher water content. 

The effect of drying for a prolonged period and weighing at definite 
intervals was tried with the following results: 


Aft«r hours drying 

9-32 water 


1001 % „ 

>, u „ 

9-88 % „ 

13 „ 

9-88 % „ 

„ 15 „ 

9-7.5 % „ 

„ 17 

9-01 % „ 


Another sample was dried in ( 1 ) carbon dioxide gas after bubbling 
the gas through strong sulphuric acid, and (2) in dry air respectively, 
and a water content of 12-92 % was obtained in both cases. The 
operation was carried out in a special drying apparatus. The control 
determination made in the ordinary steam oven gave 12-42 %. The tem- 
perature in the former registered 100° C. and in the latter 95° C. 

In view of these results the determination of water was carried out 
in 5 grarn.s of meal, dried for nine hours in the steam oven with the 
water actively boiling. See also a recent paper by Birchard^ on moisture 
in wheat flour. 

Crude fat [the ether extract). Michro-chemical tests using cyanin 
(Grublei’s) for staining, shows the oil to be located in the aleurone layer, 
and in the embryo. The latter formed from 2*5 to 1 % by weight of the 
kernel and contained between 26 and 27 % of ether extract, so that from 

^ Birchard, F, T., Journ. 5'oc. Chem. Ind., 1918, 37, No 16, pp. 263-265. 
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n-'25 to 12-25% of the total extract of the kernel is in the embryo. 
The extract from the ground kernel was ijivariubly cloudy, due U) the 
presence of finely divided suspended lualter most of whicli passed tliroiigJi 
the filter paper thimble at the commencement of the extraction. After 
evaporating off the ether a brown opalescoit oi] was left. \Vljile dryitig 
the oil, it was noticed, that the addition of a few drops of water eaused 
the suspended matter to separate out as a yellow solid, leaving the oil 
clear. By rc-dissolving the oil in ether ami either tiltej'ing or ileeaiding 
“off the ethereal solution, the solid could be^eparated. The aimnud-of the 
solid varied in different saniples from about 0-25 to of tfie total 
extract. In a few cases the oil was <piite clear. TJ)c solid conlaiued 
phosphorus. 

Stellwaag^ obtained a turbidity in ether extractioiis from oats, 
which he clarified by filtration through porous earthenware pots, lie 
also identified cholesterol and obtained a waxdike body. Osl)orne and 
other investigators have shown the presence of a lecethule in oats. 
According to Soxhlet the percentage of leccthide is T:!! and of choles- 
terol 2-28. Schulze^, Winterstein and HiestamP state tliat the locelhide 
is in combination with a carbohydrate and they iiave identilied giila<-lose 
and other sugars. 

As the ether extract contained solid matter, otlier stdvents were 
tried, in a Soxhlet extraction apparatus, witli the following results: 

Table 1. Dry meal extraded with differml solmtfs. 


Hours oi extraotion 


Percent at'i’S 

Pftro- 

Hry Absolute ('hlero- leuin 

ether alcohol Acetone form ellior 


( ’arb(iii 
tetra- 

ihttriiie Ib'iixenr 


First 5 hour extraction 

8 '82 

10-89 

9 2-> 9-65 8-52 917 

9-28 

Second „ „ 

0-19 

062 

O'gS U-24 0 27 0-2r> 

O-HO 

Third 

019 

0-20 

0-27 0-21 O-U 0-17 

0-24 

Total ... 

9’20 

11-77 

10-37 LO-U) 8iKi 9-.59 

10-4! 


Pereeutages of 

total vxlnu-t 


First 5 hour extraction 

95-88 

92-.52 

88-90 95-, 54 9.5-41 9r>(V2 

SO- 24 

Second „ „ 

2-oe 

5-27 

M-4S 2-3H 3-02 2-til) 

‘i-2l 

Third 

2-0('> 

2-21 

2-fil 2-08 L;)7 1-78 


The different extracts varied in 

amount oonsidcrafily. faking (he 

ether extract as 100 the })roportion 

given by the other solvents 

are— 


I Stellwaaa;, .A., Landw. Versuc}i^-Stal.> 1890, 37, IHe. ,i.vri'eUelKvr 

^ Schulze, k. •‘llelK.r den Phospborcehalt eine,er auB_ Mbm.ensanu-u d,vrg..ullur 

Lecethin prapoTale,” ZeitefK Fhuml. Chem., IHOo 52, pp. •> ) | 

3 Winterstein, E. and Heistand, 0„ “Iteitvagc uu Ke. an. 9. . i .b . 
phattide II,” ZcUscJi. Physiol. Chon., 1907, 54, pp. libb-. . . 
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petroleum ether 97-07, carbon tetrachloride 104-24, chloroform 109-<s 
benzene 113-11, acetone 112-72, ethyl alcohol 127-93. The rate at which 
the extractable substances were removed by the different solvents 
varied. Ether, chloroform and petroleum ether extracted over 95 
of the total extract in the first five hours. The oil from the alcohol and 
chloroform extract was distinctly turbid. In none of the others was it 
clear. Invariably the second and third five hour extractions were partly 
solid. In the case of chloroform it was crystalline. 

The ether extractions, were repeated six times, making a total of 
30 hours and the last extraction still yielded a slight residue. 

Prolonged digestion hy the solvent, removed substances from the 
oat other than true, fats, such as those mentioned above, with possible 
some products arising from a certain amount of liydrolysis of the fatty 
substances produced while the extraction is in progress. The alcohol 
extract may include in addition some protein matter\ sugar‘d and a 
compound of the nature of an alkaloid^, the presence of the latter in 
oats still requires confirmation^. 

Of the different solvents, petroleum ether, and ordinary ether, gave 
the clearer extracts, ft was decided to use the latter for the extraction 
of the oil, it being the solvent in more general use for the purpose. 

A comparison of the extract, from dry meal, and air dry meal, using 
dry ether, and ordinary ether, was made, with the following average 
results, calculated to the dry meal : 

Dry ether Ordinary ether 
Dry meal ... 9-25% 943% 

Air dry meal ... 940 % 9-72 % 

The effect on the ether extract of drying the meal in dry air, compared 
with dry carbon dioxide, gave an average figure of 7-6 % for the former, 
and 7-47 % for the latter including in the first case 0-96 % of free fatty 
acid calculated as oleic, and 0-79 % in the second case. The amount of free 
fatty acid in the extractions previously recorded, was not determined. 

Free fatty acids. The amount of free fatty acid in the oil was 
afterwards determined in a number of samples and it was found to 
vary considerably. In the freshly ground meal the proportion of free 

1 “Proteins and albuminoids of the- Oat kernel,” by 'i'liomas B. Osborne, Am, Chm. 
Journ., 1891, 13, p. 327; 1892, 14, p. 212. 

2 See Table XXVIII, p. 413. 

® “Irritant jiroperties of Oats,” by Sanson. Bield, Cent., 1884, pp. 20-21. 

* “Existence of Avenin,” by E. Wranipclineyer, Landw.Yersueh-Stat,, 36, pp. 
299-301. 
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acid is small, but hydrolysis of the. oil rapidly takes place as will be seen 
from tlie following figures : 


June fith ... 

11-3 *'(, free aoid in 

„ loth ... 

26'2 ", 

„ 17th ... 


„ iltth ... 


July 1st 


„ 8(h ... 

5u.(i 0., 

Aug. 12th ... 


Sept. 2nd ... 


„ 23rd ... 

63u% .. 


According to Stellwaag one-third of tlie ether oxtraet of uats consists 
of free fatty acids while Koiiigi states that it is mainly romiioscil tif 
free acids. 

From the above figures the amount of the free acid in the oil evi- 
dently varies according to the time which elapses between the grinding 
of the grain and the extraction. In the freshly ground keniel the extract 
is nearly neutral. The effect of heating the grain for several hours at. 
about 100° C. such as is done in the manufacture of oatmeal, is to slow 
down the rate of hydrolysis, but the amount of acid ultimately liberated is 
the same. 

The oat oil was saponified and the proportion of liipiid free acids 
obtained amounted to 70-5 % of the total fatty acids, the remaiiuler 
being solid. The separation of the liipiid from the solid acids, was 
obtained by first making the lead salts, and then separating by theii- 
difference in solubility in ether, the former being soluble and tlie latter 
insoluble. Small amounts of unsaponifiable matter were fomul in all 
the extracts examined. 

For the determination of the ether extract 5 grains of meal after 
drying in a steam oven, were extracted with ether dried over (piick 
lime, for fifteen hours in a Soxhlet extraction apparafiis. 

Crude fibre. The usual method for the determination of crude lihrc 
was adopted, and which consisted in boiling 5 grams of meal in 200 c.c. 
of 1*25% sulphuric acid and I‘2r) % caustic soda resjiectivciv for 
30 minutes each, water being added from time to time to correct for 
loss while boiling. Afterwards the fibre was digested wdth alcohol and 
ether, before drying and weighing. These tw'o latter solvents, rcinovta) 
an oil, which was accumulated for further exainiuation, and it amounted 
to about 30 % of the total weight of crude fibre, The actual percentagi' 
of crude fibre obtained in the kernels w^as invariably hover than those 
' Konig, J,, Landw. Vcr^nvhA-Htai., 1SS4. p, 1(31, 
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given by Hendricks By using meal which had been previously ex- 
tracted of oily substances with ether, the weight of fibre obtained was 
slightly lower than when unextracted meal was used. 

Ash. The dried meal from the water determination, was fir.st 
charred in a platinum dish over a low bunsen flame, and uitimatelv 
burnt at the full heat of the flame. The ash as a rule fused, and often 
contained traces of unburnt carbon. For the determination of phos- 
phoric acid, potash, and other constituerits, the usual methods were 
employed. Total nitrogen vvas determined in 1 gram of meal by th^ 
Kjeldahl method. See Tabic XIV for water soluble nitrogen. The 
soluble carbohydrates were undetermined, but their amount was calculated 
by difference. 

Absorption and distribution of nitrogen and mineral 

CONSTITUENTS IN THE GROWING OAT. 

It is a well established fact that the amount of nitrogen and mineral 
compounds absorbed from the soil by cereal crops is, in a measure, an 
index to the supplies available. Bren chi ey and Hall^ find that their 
absorption continues within a few days of maturation. Pierrie^ on the 
other band holds that the plant ceases to draw nutriment from the soil 
at the flowering stage or a little later. Stutzor^ show's that betweeji 
50 and 60 % of the total nitrogen contained in the ripe plant, was 
absorbed in the first four weeks of growth. 

Their distribution throughout the plant is also subject to inter- 
ference. In one of the older publications® it is remarked that “when the 
climate is dry and warm the panicles of the oat are so dried and restricted 
that they cease to convey siifiicienf nutriment to the ears which thus 
never become plump, but thin husked, long awned and unproductive 
of meal.” 

They may be also in part returned to the soil again either through 
the roots or by their excretion on the leaves and stems from which they 
are removed by the action of rain and wind. According to Le Clerc 

^ GreigjR. B. and Hendrick, James, “Report on the composition and merits of VaritUio.*! 
of Oats,” Bull. No. 2, 190;"); No. 6, 1906, Aberdeen and North of Scotland College of 
Agriculture. 

® Brenchlcy, VV. E. and Hall, A. D., “The development of a grain of wheat,” Jovrn. 
Ag. Sc., 3, Ft U. pp. 196-217. 

® Pierrie, J., Min. Sue. Linneevnt de Normandie, 15, 1859, pp. 1-220. 

* Seidler, Albert and Stutzer, “ A.ssiniilation and elimination of nutrients by oats at 
different periods of vegetation,” Joiiru, Landw. Vernuchs-Stat., 1908, 56, pp. 273-278. 

^ Loudon’s Eneyclopcdia of AyricuUare, 1883, p. 286. 
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and Breazeale\ of the totals absorbed bv tlie irmwinir oat, ■_>" of rho 
nitrogen, 33% of the phosphoric acid and nf tho potash, were 
subsequently lost again before the plant was ripe. 

As the question cd variation in the composition ami other eiiai actors 
of the plant arc influenced by such factors as tho forciroimf. it was 
decided to obtain some preliminary data on the ]>oints raised umler the 
conditions which prevail at Kilmarnock 2 . 

Plan of the Experiment. 

A section of a field of Wide Awake oats where the crop appeared to 
be uniform was decided upon. Samples for analysis were taken every 
fortnight, and continued until the crop was harvested. The first cuttin*^ 
was made on 7fh dnnp, 1912 after a growth of 03 da vs. As a sample 
200 complete straws in duplicate were taken at each cutting. The, .straw 
was cut immediately above the first node showing thi'f)ugh the soil, 
Tlie crop was sown on the 30th March and cut on th(' (Oth August, 
making a growing period of 139 days. The car which was first sej^a rated 
from the straw was dissected intochafl, kernel and husk, each, iiici\uling 
tho straw, being weighed and dried for amilysis. 'fhe nitrogen, ash, 
and other constituents, were determined in the. <lrv sample. 

The rate of absorption of, and the distribution, between the straw 
and the grain of the various plant constituents during growth, are 
represented in Fig. 3, p. 372. 

Nitrogen. The absorption of nitrogen appears to be almost com])lete 
at the stage w'hen the kernel begins to devolo]) as from t his point onw ards 
the gain in nitrogen by the plant was only verv slight and was wi'll 
within the limits of the experimental error. From the ap[)earance of 
the plant, growth seemed to continue up to the tiiiie when tiu^ crop 
was cut. The stem was still greenisli at the flnal cutting. The storag(‘ 
of nitrogen in the kernel appears therefore to he carried on entirely from 
the supplies contained in the straw, husk, and chatf. The total weight 
of nitrogen in the strawg wms less at harvest time in the mouth of ,\ugnst, 
than it was early in the month of June. 

Potassium. The curve for the potash alisoiption and disi rilmliim, 
except at one of the cuttings, resembles that for nitrogen, I he with- 
drawal of potash into the seed is on a small scale eonijtared with t hat of 
nitrogen and the amount absorbed by the plant during the last six weeks 

1 Le Clerc, ,7. A. and Breazeale, J. F., “Plant fcodH rciiKivod fmm growing jdants 
by rain and dew%” Year hook Depf. oj Ag. V.fi.A., laOS, jip, 3s!)-402, 

2 See Tables XXIX and XXX for Meteoroloincal and sail fanditions at Kilmarnock. 
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of growth is almost equal to that passing into the seed. There is there- 
fore little exhaustion of the total potash supply contained in the straw. 

Ash and 'pkosfhoric acid. The assimilation of “total ash” and of 
phosphoric acid, continued until the plant was mature, though it was 


Dry matter 



Days 


Nitrogen 



Days 


Ash Phosphoric acid 



^4 28 42 56 70 
Days 


Fig. 3. 


carried on to a diminishing extent towards the end of the growing 
period. The amount of the latter absorbed in the later stages of growth, 
falls below that which passes into the seed, in consequence, the phos- 
phorous content of the straw diminishes accordingly. 
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In plants of about two months’ gro\rth, that is several we('ks before 
the stem had attained its maximum height, it was fomui that the 
phosphoric acid and the potash togetliev, formed about of the 
total weight of ash absorbed. As growth ]>i'oceod,s the ratio vaiiidly falls, 
the figures for the fortnightly cuttings being tltt, f-J- l, 2r)-:i 

and 27'0 % respectively. The total weight of magnesia atul lime ab- 
sorbed is relatively small. The predominating constituents of tlio mineral 
matter are compounds of silicon the proportion of which continue to 
'increase until the plant approaches maturity. 

The relative proportion of nitrogen, phosphorus, potassium and ash in 
the separate plant organs at the diherent stages of growth are given 
in Table II below. 


Table IT. 

This table shows the relative ’projjoriion of niinxjc'it, (ish, phosphoric ticid 
and potash in plant onjans at different stages of growth. 


July Au^u?*t 



Percentagf>s ot tho total 


Nitrogen. 


Straw ... 

73'7 

63-2 

411 

IS-f) 

Kernel... 

26-3* 

151 

42-9 

70't) 

Chaff ... 

— 

6‘2 

frl 

4-3 

Husk ... 

— 

15-2 

lO'O 

7-2 



Ash. 



Straw ... 

S30 

7.3-6 

67'0 

62-1 

Kernel... 

170* 

40 

6-S 

1 l-l 

Chaff ... 

— 

9'4 

UM) 

10 -i) 

Husk ... 

- 

ll’O 

|(;.2 

15-y 



Phosphoric a eirl. 


Straw ... 

86-8 

o8>4 

38-7 

“1'7 

Kernel... 

13-2* 

23-2 

56-5 

76-2 

Caiaff ... 

— 

6 2 

1'2 

2'1 

Husk ... 

- 

12-2 

(l'(i 

( rare 



Potash. 

K,(), 


Straw ... 

80-2 

S2-6 

S7-4 

H.tI 

10-2 

Kernel... 

19'8* 

5-8 

7'1 

Cliaff ... 

— 

3‘1 

2'() 

!•') 

Husk ... 

— 

H-2 

3-, 5 

.P- 


+ Grain. 
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Returii of plant constituents to ike soil. 

The rate of absorption of the different constituents and the amounts 
present in the whole plant were arrived at by determining the percentage 
of each in the straw and other organs at each of the cuttings and from 
the weights of each of these, the totals were calculated. This method would 
not of course show directly whether there had been a subsequent return 
of nitrogen and mineral compounds, through the root or lost from the 
plant by the action of rain and wind, to the soil. 

It is well kiiowni that alter the straw becomes ripe, the washing and 
leaching action of rain water will in course of time remove from the 
straw considerable amounts of its constituents. The author has found this 
to be the case particularly with dead bracken^ and hay. Had the total 
weight of absorbed nitrogen and potash in the present experiment 
diminished at any of the successive cuttings it would have indicated 
subsc(pient losses. In any case if there had been a loss in the later stages 
of growth, it is probably small, and must have been confined to ivithin 
the limits of the amounts absorbed in the period in question. For 
example with nitrogen and potash the ingress would be counter- balanced 
by the egress from the time when absorption of these compounds from 
the soil appeared to cease. 

No figures were obtained showing the available nitrogen and potash 
supplies contained in the soil at the different stages of growth iu 
the life of the crop, but the soil, judging from its analysis and from the 
appearance of the crop, w’as in an average state of fertility. The influence 
of the supplies of mineral and nitrogen compounds in the soil, upon the 
process and rate of their absorption by the plant are therefore not shown 
in these results. 


Silica and phosphate ahsorption. 

There did not appear to be any connection between the amounts of 
these two substances absorbed. The possibility of this was looked for 
in view of a relationship which was shown by Hall and Morrison^ to 
exist between the supply of soluble silicates and the amount of soil phos- 
phate absorbed. Kreuzhaga and Wolff ^ found in water culture experi- 
ments that the presence of silicates increased both the number and the 

’ B«rry, R. A., “Utilisation and eradication of Bracken,” West of Scotland 

College of AgricuIUire, Glasgow, 1917. 

2 Hall, A. D. and Morrison, Proc. Soc. 1906, p. 445. 

® Kreu7,haga and Wolff, Landv>. 1884, p. 161. 
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weight of the grain and helped the plants to tiiatnre. Tl.ov -o so fat ,is 
to state that in the absence of silicates the grain is einptv nnless an 
excess of phosphorus is present. 

The total dry matter of the plant increased during the. whole <rrowiin^ 
period, although the maximum amount of drv matter contained in the 
straw 2 S reached between two or three weeks before tlie plant is mature. 
The average height in inches of the straw at each of the fortniahtlv 
cuttings was 12-5, 23, 42, 42 and 43 inches respecti^•c!^^ ' 

The following curves show the composition of the straw at eacli of 
the cuttbgs. 



Changes in the composition of the grain as it ukvelops. 

Data upon this point were considered necessary to (it in with (ho 
other figures on oats obtained under the concUtions prevailiiij: at. 
Kilmarnock. Accordingly samples were taken every throe or four days 
from a crop of growing oats (variety ^loimted Tolice) as soon a.s thi* 
kernel was large enough to be readily separated from tlie rest, of the 
grain. As before the samples were dis.sected into grai/i, straw, kerne), 
husk and chaff, each portion being weighed and dried for analysis. The 
proportions of these in the whole plant is given in Tabic HI, {>. 370. 

Kernel. The actual weight of nitrogen and of ash, including ])hos- 
phoric acid, and potash, in the kernel wa.s deiennined at each of the 
cuttings, and the results are represented in Fig. b. TIic percentages t)f 
the different constituents in the dry matter, ai'c given in Table XX \ 11 1 
in the Appendix. 

Joum. ot Agdc, X 
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’^Accor^ing to the above curves, which are self explanatory, the migra- 
tion of the ash, nitrogen, phosphoric acid, and potash, from the straw 
and leaves, into the kernel, proceeds on similar lines to that shown hv 

Table 111. 

This table shows in percentages the proportion of straw ^ kernel, hisk 
and chaff in the dry plant at different stages of growth. 


Variety: Mounted Police 
July August 



2()th 

24th 

27th 

31st 

3Ed 

7th 

10th 

14th 

straw ... 

... 77-1 

74’4 

71-2 

(io-B 

62-2 

56-9 

55'6 

5J-9 

Kernel ... 

... ,'5-4 

9-3 

14-0 

19'6 

23-5 

28-3 

30‘6 

32-1 

Husk ... 

... 13-2 

12-9 

10'7 

117 

10‘6 

11-2 

10-3 

117 

ClmR ... 

... 4-3 

34 

4 1 

31 

37 

3-6 

3-5 

43 

Kernel in 

grain % 49 -U 

00-4 

(317 

669 

093 

72-2 

73-2 

74-1 



Days 


Pig. 5. Weights in 1000 dry kernels. 


Table IV. Percentage composition of dry matter of chaff and husk at 
different stages of growth. 


Variety ; Wide Awake 
CrhaR Husk 


August 


August 



5th 



16th 

July 

19th 

S^rd^ 


Dry matter 

... 36-5 

417 

47-3 

66-2 

59-8 

687 

74'r> 

Nitrogen 

... 1-94 

1-33 

M6 

0'68 

0-99 

075 

0-46 

Ash 

... 6-21 

. 9-41 

I'rOS 

IR'OO 

373 

4-43 

60.5 

Phosphoric add P^Oj 

... 0-43 

0-41 

0-40 

031 

0-28 

0-25 

0059 

Potash KjO 

... L33 

076 

0-40 

0'47 

0-62 

0-37 

0-34 

Lime CaO 

... 0-27 

0-30 

0-41 

0-59 

0-06 

009 

0-13 


Hall and Brenchley to be the case with wheat. The ether extract of oats, 
is much greater than in wheat, or barley, and it forms a characteristic 
constituent of oat grain. The proportion of phosphoric acid in the ash, 
increased from 42 to 52 % while the potash decreased from 40 to 31 %• 
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Straw. The main points in connection witii tho composition ortho 
straw (luring the growing period has alrenth' been indicated on no V] 
and 372. See Table XXVIII, Appendix, for the eo.nposition of the tow 
Chaf atid llusL The composition of tiiese oi'gaus at tlie dilToront 
stages in their development is shown in Talde IV, p. 37 u, 

The table explains itself and no further comment is neeessarv. 

Ratios between the conUituents of the grain. 

The ratios between different constituents of the grain, and Imtween 
the same constituents in the grain and straw, have beim worked out and 
are contained in Table V. 


Table \. 


Kernel 

20th 

24 th 

27 th 

3?sl 

3nl 

7lh 

JOth 

nth 

Ash 

2 37 

2'3 

2' 12 

2-13 

213 

2DS 

1-97 

i;to 

Nitrosen 

■ hof 

t-79 

1-79 

1-77 

1-74 

1'73 

1-89 

1 !).•> 

1-73 

Oil 


0-83 

8-80 

9-53 

IM 

S-94 

8-33 

7-20 

ii-13 

Oil 

Nitrogen 

3-8 

4‘9 

.5-3 

0 3 

5-1 

4-4 

30 

3 5 

Ash 

Nitrogen 

1'32 

1-28 

119 

1'22 

123 

MO 

1-00 

11 


Sfraw 


4-7 

5-1 

0'2 

G'O 

7-0 

7-2 

9-9 

M P 2 O 5 

5-0 

54 

4-7 

4-8 

4-.) 

r>i 

() 3 

0 9 

» KjO 

Vi 

1'4 

M 

M 

0-87 

0-S7 

0'7S 

0 7 


Individual grains in tun sinkrll't. 

The grains in the oat ear are borne in spikelets. Kat'h spikeiet 
consists of either a single grain (singles) or a |)air of gndns (doul>l(‘s) 
or grains in triplets (trebles), A double contains a large grain (firsts) 
and a small grain (seconds or bosom pickle), A treble contains a, large 
grain (firsts) and a very small grain (thirds) the seconds f>eing inter- 
mediate sized grains. In addition to differences in size, the component 
grains in the spikeiet vary in the thickness of the liusk ami in tlunr 
chemical composition as shown in the average figures contained in 
Table VI, p. 378. The grains were separated hy iiand from the ears 
and spikelets. 

A sample of oats may therefore bo composed of several kimls of 
grain which differ from each other in size and in coiuposilioti. 11 k; 



378 Composition: and Properties of Oat Grain and Straw 

smaller grains, that is the seconds of the doubles, and the thirds from the 
trebles, will be partly winnowed out in. the dressing of the grain, and will 
go to form the “light corn.” The actual proportion of singles, doubles 
and trebles in the ear varies in different varieties as indicated in the 
table below. Moreover, the proportion in individual varieties is not 
fixed and will alter according to circumstances. Under favourable con- 
ditions of growth the maximum number of grains in the spikclet are 
developed, but when the processes of growth are curtailed, fewer spikelets, 
often with fewer grains, are produced, and the character of the sample 
will be influenced accordingly. 

Table VI. 

Table VI shows the proportion by weight, and the percentage composition 
of the dry matter, of the kernels in the ear. 

Doubles Trebles 



Singles 

Firats 

Seconds 

Firsts 

Seconds 

Thirds 

Kumel. Wt of 1000. grraa. 

21-4 

27‘G 

14-0 




Kernel. Percentage in grain 

73-1 

73-3 

79-7 




Nitrogen in dry kernel 

2-46 

2-43 

2-32 




Oil 

9-21 

803 

909 




Aah „ ,, 

2 11 

2-22 

2- 10 




Proportion by wt in ear : Potato . . . 

62-9 

26-8 

10-3 




,, ,, „ Sandy 

80- 1 

13-4 

5-0 




,, ,, ,, Record ... 

48-2 

37-8 

13 9 




,, ,, ,, Wide Awake 

1-8 

.'59-7 

38-5 




Kernel Wt of 1000. griua. 

23- 1 

370 

24-6 

42-6 

32-9 

15-3 

Kernel. Percentage in grain 

72-0 

76-4 

81-2 

75-4 

80-5 

84-3 

Nitrogen in dry kernel 

2-24 

2-36 

2 23 

2-55 

2-51 

341 

Oil 

7-70 

7-63 

7-75 

701 

7-55 

8-05 

Ash ,, „ 

2 07 

2-31 

1-94 

2-28 

20 

204 

Proportion by wt in ear: Kinness... 

7-9 

46-2 

29-4 

8-1 

5-8 

2-6 


The statement sometimes made that the smaller grains in a fully 
developed ear, are richer in nitrogen than the larger grains in the same 
ear, is not supported by the above figures, in fact the tendency is in the 
opposite direction. Although *the nitrogen content of the thirds from 
the trebles in the example given, is very high, in another case (Beseler’s 
rrolific) it was the lowest of the three grains forming the trebles. 

Varieties of oats. 

The grain of over 120 seedsmen’s varieties of oats, including the 
Wild, Tiree and Shetland Native oats, have been analysed, and with 
the exception of the last two, were all grown at Kilmarnock, Samples 
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of the grain of most of the varieties were atuilysed ea(‘h year feu' tluoe 
years, so that the figure given is in most eases tlie averaito of tiinv 
analyses. For samples of the Shetland, natwe outs, a)ul for infonnation 
respecting the cultivation and yielding power of tliese oats, the writer 
is indebted to W. Laidlaw Macdougal Ksi^.. of Suinhurgli and tii 
W. MacLennan, Esq. of Kirkwall, and for samples of the 'riree oat to 
Malcolm McLean, Esq. of Kirkapool, Tiree. A.s the native oats do not 
fit in with a grouping of the grain of the ciiltivatetl oats tliev are eou- 
sidered separately. 

Shetland Native oat {Arena strigosa) includes a grey, and a Irlaek, 
variety. These oats are still grown, and used as bread (‘orn, on the stnall 
holdings worked by cotters and fishermen on the ])oorer land in the 
Shetland Isles, where according to Everslied^ tlie ancient svstem of 
cultivation is still to be seen in practice. The cultural conditions are 
such, that attempts to grow a modern variety, have. ])een a failure. Tlicv 
rapidly deteriorate, whilst the native oat, can- be grown to produce a 
moderate yield of grain and straw\ On the better elass of land in the 
Orkneys, Potato, Sandy and Myrtle Plack oats can he grown sneeess- 
fully with suitable manuring. 

The average yield per acre of grain of the Shetland oat, for the 1ivi“ 
years previous to 191 G, is given as “20 bushels weighing 21-d Ihs. })er 
bushel, and 20-3 cvvts. of straw, compared with :>1 bushels weighing 
40 lbs. per bushel, and 48 cwts. of straw, for the lh)tato oat. 

Tires Natwe oat. .Appears to be the same as the Sludland. it is 
practically the only variety which wdll tlur, e on the sandy ami <'v:})osed 
parts of this Island. It is used mainly as fodder. 

Wild oat [Arena fntua). The grain of this variety has be(‘n analysed, 
and the result is included along witli those' of the native outs in 
Table VII, p. 380. 

Chinese naked oat was grown in this country hefoie the year 12;>9“. 
It is the pilcorn of the old agriculture. 

Although the proportion of kernel in the grain of the Native oals 
is low, the husk is very thin. By clipping off the awns. the. pniiiortion 
of kernel was increased from 08*7 to 73*8 %. 

The terms, small corn, small grey, small black. Idaek heaided. 
shiacks, rough oats, etc., which frequently occui' in the agrieulturai 

‘ Evershed, Henty, “The Agriculture of the Islioid <p( Slicllaiid," Tniii^. U. nn't Arj. 
Hoc. ofScotlarul, Fourth Series, t874, 6, p. :100. ^ 

2 Rogers, J. E. T., iisi o/ rarer kinds of tjraut, MOO. 2, ISOO, jtp- 
Gerarde, John, The Herbal of General Uklonf of Fluids, p. 310, 
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literature’ of an early period seems to apply both to these oats and to 
others which have degenerated. References^ as to the identity of the 
Shetland oat, with the common oat in cultivation in early times, are 
also made. 


Table VII. 

Native oats 

A 

Shetlaiul Chinese 

I , naked oat 



Wild oat Tiree 

Grey 

Black 

Modern var. 

Kernel. Wt of lOOO. grms. 

7-92 

10-08 

11-2 

9-94 

28-06 

Kernel. Percentage, in grain 

... 501 

72 2 

68-7 

71-8 


Moisture 

11-2 

12-3 

14-8 

16-3 

13 6 

Dry kernel 

♦Protein crude 

... 15-69 

17-18 

17-82 

16-12 

14-82 

Oil crude 

... 12-87 

9-39 

8-67 

9-41 

8-34 

(.'arhohydrate 

... 64-88 

69-60 

09-47 

70-54 

73-14 

Fibre 

4-00 

1-39 

1-.52 

l-OO 

1-50 

Ash 

2o6 

2-44 

2-52 

2-33 

2-20 


* Protein = % 

nitrogen x 

6-25. 




Proportion of whole grain in sample. 

The proportion of whole grain in the samples in 1909 varied from 

78-2 to 98-5 %, the average being 90-8 in 1910 from 76-8 to 

96*8 %, the average being 88-9%; in 1911 from 89-1 to 99-7%, the 

average being 96-1 %. The variation found from year to year, in the 

proportion of whole grain irj the samples, was considerable, and it is 
attributed mainly to the result of the threshing and winnowing. The 
proportion in samples of the same variety also fluctuated to such an 
extent that it was not possible to establish any connection between this 
property and variety. 

A system of tabulation of the results of the analyses of the grain 
of such a large number of oats had to be adopted, One was tempted to 

1 Sinclair, John, SlaiiftHcnl Arcmnit of Srothv^, 1792, numerous references. Gerarde, 
John, The. Iferbal of (jencral Hishri/ of Plants, 1597, p. 68. Lindley, John, Synopsis of 
lirifish Fiord, 1849, p. 310. Ramsay, John, Scotland and Scotsman in the Kiyhlecnik Century, 
1H88, 2, p. 190. Aberdeen, Earl of, C'oliection of History of the. Shires of Aberdeen and Banff, 
1543. Fitxherbcrt, Master, The hook of Hushandry from lh£ 15,34 edition, 1883, p. 23. 
Rrothcro, R, K., English Farming past and -present, 1912, p. 9. Rogers, J. E. T., A History 
of Agriculture, and prices in England, 1886, 1, pp, 26 and 187. 

® Rawson, Peter and Son, Vegetable, products of Scotland, 1830, p. 94. Wilson, A. 
Stephen, .4 bushel of Corn, 1883, p. 144. De Candolle, A., Origin of Culiivateil Plants, 1884, 
p. 273. Low, David, Elements of Practical Agriculture, 248. EncyclopaediaBritaniika, 
Article on Oats. 
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try and make a general classification of outs, but on \voI■kinJ^ out the 
details of a scheme, there appeared to be so many sub-tlivisions. ihat 
the idea was abandoned. Several classifications' of oat urain liave bcmi 
published. The method which lias been followed in tabula! in ;4 the results 
in the present case is shown in Table VUl. pp. ;^X2-3Sr). ('nlnur, wciivht 
of kernel, and proportion of kernel in the grain (thickness of husk) 
formed the principal basis, Sub-divisions into open ami one siiled in- 
florescence; early, medinm, or late; grain and straw pnHlucing varieties, 
can be made from the data supplied in tlie table, d'he oats in each gioup 
are arranged in ascending order of the weight of kernel. 

The grouping is as follows : 

White grain. 1. Thin husk («) Small kernel weighing u]» to 21 grams 
per UKKt kernois. 

(h) Medium kernel weigliing from 22 to 
2”) grams [ler HKKI kernels. 

(c) Large keniel -weighing from 2b grams 
upwards [lOi' lOttti kcinels. 

2. Medinm husk, medium and laige kernels. 

3. Thick husk, large kernels. 

Yellow Grain. Thin husk, medium and large kernels. 

Black and Grey Grain. 1. Thin husk, small, medinm and large kernels. 

2. Thick husk, small, medinm and large kernels. 

Thin husk is taken to include grain containing 7.0 or over; medium 
hvisk 73 to 7<1%; thiSk husk up to 72% of kermd in the grain. 

The composition of the dry keimel and tlie percentage of water at 
the time when the analysis was made are. given ioi' each vaih'fy. 

Analysis of the grain w^as also made, but the rf'siilts arc not included 
in Table Vin. 

Before considering the different points in cminectioii with I able \ 1 1 1, 
reference is first made to some rclationshijis wliicli are brought nut 1);\ 
averaging the analyses of the members of each group according to the 
size of the kernel. For this purpose the white grams with thm husks 
are taken. The result is shown in Table 1 X, ]), 3H(n 

These figures show that as the kernel imi'cases in size, there is a 
decrease in the proportion of husk in the grain, the oil and (line diminish, 
while the carbohydrates, the yield per acre of grain, and the piuiMirtton 
of grain to grain and straw, increase. Che nitrogen do(.s ii d ajijKaj to 

I De Vries, H., Speew md F<ir(-enM, orujifi C- 

cyclopaedia of Agrkiillurc, 2, Arti<'le on Oats. hwtfrkino-dKi <>J .1 1»' > >' “'<■ • ik" " 
on Oata. Wilson, A. Stephen, .4 hushcl of (^orn, t Imp. 1111, ISS.j, p. 
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show any connection either with the size of the kernel or with the oil 
but, as will appear later, the nitrogen is a very variable constituent and 
the present data may be insufficient to bring out any point. 

Except for the proportion of kernel in the grain, the above relation* 
ships invariably hold good with all the types. 


Table IX. Hhows the relationship of size with the yield and 
composition of the grain. 


Wt of Percentage composition of kernel Proporiion 

1000 Per- “dry” Yield per acre, of grain 


kernels 
‘air -dry’ 
gmi3. 

eentage 
’ kernel 
in j^rain 

' 


Carbo- 

hydrate 

— 



lbs. 

to grain 
and straw 
percentage 

Protein 

Oil 

Fibre 

Ash 

Grain 

Straw 

20-57 

75-79 

14-76 

8-89 

72-59 

1-56 

2-20 

2278 

4614 

33-2 

2401 

75-74 

13-50 

8-20 

74-59 

1-55 

2-16 

2458 

4252 

36-8 

27-67 

75-95 

13-56 

7-49 

75-38 

1-48 

2-09 

2634 

4118 

39-4 

31-58 

76-65 

14-39 

6-87 

75-23 

1-41 

2-10 

2687 

4057 

40-8 


Parental types. 

White grain. 1. Thin husks. In this group the siiialler kernels are 
represented by the Sandy type, the medium including some of the 
smaller kernels, by the Potato type and the large kernels by the New 
Abundance type. Sandy is a long kernel. Potato is a plump oval kernel 
and is typical of the majority of the thin husked grains, most of whicli 
have come into existence by a process of selection. The newer varieties 
produced by cross-breeding, such as Victory, Garriss, Crown, etc., included 
in this group should each be considered separately. 

2. Medium husk. Medium and large kernels. Represented by 
Universal and Polish, the newer varieties by Hero, Glebe, etc. 

3. Thick husk. iJjarge kernel. Represented by Storm King and 
Tartar King. The newer varieties by Yielder, Record, Leader, etc. 

Yellow grain. Thin busk. Medium kernel. Represented by Golden 
Giant and Golden Yellow. Large kernel. Represented by Colossal and 
Golden Rain. 

Black and Grey grain. 1. Thin husk. Small medium and large kernels. 
Represented by Dun Oat and Grey Houdan. Winter oats are included 
in this group/ 

2. Thick husk. Small, medium and large kernels. Represented by 
Black Tartarian and Myrtle Black. The newer varieties by Supreme 
and Bountiful. 

A summary of the grouping is given in Table X, p. 387. 
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Old and new varieties. 

Potato and Sandy are the best known representatives of the old 
varieties. A characteristic feature of these oats is the relative large number 
of spikelets in the ear, each spikelet contains usually only singles and 
doubles. The grains are small or medium size and have a thin husk. The 
proportion of grain to grain and straw is low. 

The newer varieties usually have fewer spikelets in the ear but each 
spikelet has a larger number of developed grains and contains single#, 
doubles, trebles and sometimes quadruples. For this reason samples of 
grain from these varieties are not as uniform in size, or in composition 
except perhaps under drastic dressing, and winnowing, compared with 
that of the old varieties. The grains are usually medium or large and 
more often contain thick husks. The proportion of grain to grain and 
straw is high. 

The above differences which appear to exist between old and new 
varieties are nob of a permanent kind. Among the first signs of de- 
generation in a variety is the production of fewer spikelets with fewer 
developed grains in the spikelet, while a rejuvenated old variety usually 
contains an increased proportion of spikelets with a larger number of 
fully developed grains. Grain producing power appears to be largely 
a matter of the cultural conditions under which the crop has been 
acclimatised. 

Grain and straw producing varieties. 

The grain producing varieties yield a larger proportion of grain to 
total crop than the straw producing varieties. The latter tiller more. 
For convenience they may be grouped as follows: 

1. Straw producers — -the ratio of grain to grain and straw varic.s 
up to about 33 %. 

2. Medium grain producers — from about 34 to 37 %, 

3. Grain producers — from 38 % and over. 

Early and late varieties, 

Wright^ has shown that the early varieties as a rule consist of the 
grain producing varieties while the late varieties are generally the 
straw producing varieties. Tillering® power seems to be connected 

^ Wright, R. Patrick, “Experiment on the comparative merits of Varieties of Oats,” 
West of Scotland Ag. Culkge Bull. 12, 1900. 

3 McAlpine, A. N., Bull, 12, irpi-f of Scotland Ag, College, Section on Botanical Charac- 
ters of Oats. 
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u-ith both this and the proA’iously considered jiruiicrtv. Of ali (ho 
varieties the Sixty-day oat is the earliest. U is a small kcrnoL thin husk, 
poor in oil, but exceptionally rich in niti'u<roiu Tlio yields of undn' 
recorded for this oat arc very uii reliable, boiiiji ripe lirst it su lie rod 
considerably from birds. 

Ihinfer outs. 

These oats are poorly represented in the table. Tho ^rain is inodiuni 
ar large, possesses a thin husk and is exceptionally rich iu i>il. Thov 
are early oats. 

Nutritwe mfwe of oat gmin. 

You evidence of the nutritive value, of ooU refei'encc need onlv })c 
made to the fact that at an early period and even in out-o[-iho way 
places in Scotland at the present time, oatmeal fonued the staple food 
of the population. As an example, in the Stolislieal Account of Scot I and 
published towards the end of the eighteenth centni'v, observal ions such 
a^ the following occur— Oatmeal is the princi])al food of the eounnoo 
people^, Oatmeal the general food of the Count lyh lamdon’s Hu- 
cydfypaedia^ dealing with the same period says; " Farm servants in tlieir 
food live much in the same simple w'ay as their forefatliers. Oatmeal 
forms the principal basis, or part of their sustej)aiice. They have it 
regularly to breakfast and to supper made iiitf) a ptittagc with a xiuull 
allowance of butter milk. At dinner they eat it iji bread, in addition 
to a thin kale or kind of sonp made wath biirlev bioth. intenoixed with 
greens and pot herbs. To this they add potatoes and at times fisli of 
different kinds, seldom wheat bread smd still more rarely iiutcher iiw’at. 
On this feeding they can go through their labour without feeling 
oppressed and enjoy a state of health which is seldom intorr\i])ied.” 
Another more detailed description is given, mi p. 117!) of tho saint* 
volume. 

Ill England according to Rogers^ when writing of the conditions of 
agriculture in the thirteenth century, wheat liad been tlic ciistimniry 
food of the country from the earliest of times, while oats wen* almost 
universally growm for cattle, but oatmeal was madi* for tlie. brotli or 
porridge of the house, However Headricks* wiiting of the position 

* Sinclair, John, Jrr.oi/nf. of Sf<>d(in<U t'O-. 3. !'• 4, [i. t'.’, 

® Loudon’s Enq/dopa?dia cf AgricuUurr, 1SS3, jij). 1 179 smd 1190 

® "Rogers, J. E. T., A Histor}) cf A^ricnUitre aiul Pivix m Enijhwl, pub. ISSd, 1, 
pp. 28 and 187. 

* Headricks, James, Gentral view of Ihc AgrkuiUirc of Angus {FarfarAitrv), IHl.). 
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s^eral centuries later states that oatmeal is as much used in some 
parts of England as in any part of Scotland. That this seems to be 
the case is shown in a publication^ issued by the Board of Agriculture 
in 1794, in which Basil Qualye, describing the agriculture of the Isle of 
Man, remarks that oats were in general cultivation especially on the 
Upland farms, and the meal produced from the grain forms a considerable 
part of the diet of the labouring classes. Similar, confirmation is found 
in the sarhe volume in the section dealing with the agriculture of Lan- 
cashire and Northumberland. Frequent reference to the v^ue of oalt 
for mealing purposes also occurs. ' ■ 

At the present time five-sixths ^ of the total consumption of oat 
grain, exclusive of the seed, is used as cattle food in the United Kingdom. 
About 10 % of the grain is imported, Wood^ estimates that the cereal 
food just prior to the outbreak’ of the great war contributed over 
one -third of the work producing power of the population of the British 
Isles, towards which oatmeal contributed only 1-6 %. No figures 
showing the relative consumption of oat grain as cattle food and as 
oatmeal, for Scotland, seems to have been published. 


Composition and feeding value of oatmeal. 

A feeding experiment with pigs was carried out with oatmeal con- 
taining a high compared with a low oil content. Potato oat was taken 
as representative of the former and Storm King of the latter. Forty pigs 
were available and after a preliminary experiment lasting tw-o weeks, four 
were eliminated. The remaining 36 pigs were arranged into two groups 
of 18, and placed four pigs to a pen. The pigs were fed for 13 weeks, 
commencing on the 15th of June, on the following rations: 

For the first month 

Lot A received^ 2 J Ihs, oatmeal (calculated from dry state) of Potato 
oat and gal. whey per head per day. 

Lot B received 2^ lbs. oatmeal (calculated from dry state) of Storm 
King and 1^- gal. whey per head per day. 

The meal was increased monthly by | lb. per head per day and 
J gal. whey each. 

Each pig was weighed at the end of each week throughout the experi- 

^ Qualye, Basil, Tfacts on Agriculture, pub. 1794, by Board of Agri,, Isle of Man, p. 35. 
Holt, John, Lancashire, p. 26, Bally and CiUlen, Northumberland-, p. 33. 

* International Institute of Agriculture, Staiistkal notes on Cereals, 1917, No. H. 

* Wood, T. B., The Naiiovi's Food Su2>ply in Peace and War, 1917, p. 8. 
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nient. The composition of the meals and tin? results of tlie fooduiii are 
<»iveu in the following tables: 


Table XL Contpotiilion the i/fcal. 



Pot Ilf . 

) oat komo! 

SUinu Kioi: oat. kt ttu-l 


.Air dry 

[4rv 

Datmoal 

Ail- (Iry 

Pry Outiiii‘:il 

Moisture ... 

... 14'68 

— 

— 

l4-7t) 


Proteia ... 

... l'U(j2 

14'7o 

14-.74 

14- IS 

ii)-(i2 ni-so 

,Oil 

Uftrbohydratc 

Fibre 

S-30 
... Oi-gO 

1-33 

<J-72 

71TS 

L-oO 

S-'ki 

73-02 

1-3,') 

5-31 

t}2'4;i 

1 -77 ! 

Ask 

1-87 

•iiy 

2-13 

l-ST 

2-l!l 2-!7 


Table XII. of the feeding. 

Initial wfighL of Woijiht idti'f U Av<'ra>;(‘ dail v ^-alii 
IS pin's ' weeks feodijK' per pi<.' 

Lot ihs.' Its. . Its. 

A 14i!l :M;4 1-4!> 

B 1419 379:1 1-44 

Difference in favom' of A ... 71 

For tbe first three weeks of the exiierimont the pigs l■l■eeivlng llm 
oatmeal with a low oil but witli a high nitrogen content, poalueed n. 
slightly higher daily increase. Afterwards, and until the end of the. 
experiment, the meal with the high oil content, producol the greater 
daily increase. The final result is so eIo.se that the figures could .[nite 
■well come within the limits of the cxperiinental ermr, 

A similar experiment was carried out witli hO hlnek faced We.dder 
Hoggets separated into two Iota of 25. One lot received 15 Ih.s. roots 
and 1 lb. Potato oatmeal per 100 Ib.s. live weight per head per day. 
The other lot received the vStorm King meal. 

The experiment only lasted six weeks and the tiiiul result was m 

the same direction as that with the pigs. 


Mmling po wer of oat gram. 

In the above experiment five tons each of i'otatf), a. thiti husku d 
grain, and of Storm King, a thick husked grain, were used. Ihcv wem 
milled in one ton lots. The proportion of meal obtained is giviui in 


Table XIII, p. 392. 

The yield of oatmeal from kiln dried gra 
the percentage of kernel in the grain. A 
ii... u Inw water content 


■ain is dii'cctlv pn)])t)i'f ional 1i» 


Jouin. of Ageio. Sci. x 
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The vurious factors which influence the mealing power of oats have 
been admirably summarised by Greig and Findlayb 

Table XIII. 






Yield of oatmeal 


Rough 



Weight 

Weight 

Per- 

percentage 

Meal 

seeds 

Oat 


per 

of 1000 

centage 

f ^ ^ 

seeds 

(husk) 

dust 


bushel 

kernels 

kernel 

original kiln dried 

per- 

per- 

per 

Variety 

lbs. 

grins. 

in grain 

grain grain 

centage 

centage 

centage 

Potato 

44-5 

22-50 

76-35 

58-6 71-2 

19-2 

2-6 

7-(u 

Storm King 

42-4 

31-56 

65-82 

51-5 61-9 

27-9 

2-6 

7-6 


Waler in oatmeal. 

In these experiments the average percentage of water in oatmeal 
at the time of milling was 1-79%, and in the original grain I4-G 
The oatmeal until required was stored in sacks, the weight increased 
appreciably due to the absorption of water. The rate of absorption of 
w^ater dating from .June loth, was as follows: 

After 4 days 2 ’90 water in oatmeal 

„ 11 „ 3-35 „ 

„ 24 „ ^-73% „ 

„ 38 „ 5-70% „ 

„ oO „ (3-37% „ 

The fat in oatmeal also undergoes change wdth storage, see p. 369. 

Colour, flavour, water absorbing powers and keeping qualities, arc 
the factors by which ‘V|uality '’ in oatmeal is judged. According to 
millers, kiln-drying brings out the flavour, and the opinion is general 
that the oil, is the principal factor which contributes the flavour. The 
oil content cannot, howevei”, be the only factor as the percentage of oil 
in a sample of Scotch oatmeal, and in oatmeal made from Plate oats, 
was found to be 11-2 % for the former, and 10-8 % for the latter, both 
of which figures are high. One sample was considered to be of good and 
the other' of poor quality. Scotch oats are moister and require longer 
kiln drying, than Plate oats. 

The following table shows the proportion of water soluble nitrogen 
compounds, phosphates, and potash salts in the two samples. The Scotch 
oats contain a larger proportion of water soluble, nitrogen and mineral 
compounds. 

' Greig, K. B, and Findlay, W. M., "The Milling properties of Oats,” Journ, Bd.of 
AgricuUiire, 1907, 19, No. 5. 
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Table XIV, 

Uatnu’ul 


Dry meal 

Scotcli oats 

IMaic ^lat^ 

Oil 

llg 

lOS 

Nitrogen, total 

■Mh 

:!'yo 

Nitrogen, water sol,, percentage ol' total ... 

15-7 


Ash, total 

■lOo 

1 -Tt) 

Ash, water sol,, percentage of total 



Phosphoric aekl, PjO^, total 

MO 

tt'So 

Phosphoric acid, PjOs, water sol., pc-r- 
centage of total ... 

:ii-o 

ll.'r" 

Potash, KjO, total 

o-Toy 

0-4 ori 

Potash, KjO, water sol., j) 0 !’C‘cntagc of total 

44-:} 

01 vJ 

Percentage, phosphoric acid in ash 

ofto 

47 1* 

Percentage, water sol. pliosphoric acid in ash 

17-,-) 

[■I--: 

Percentage, potash in ash 

;i7-5 

llOO 

Percentage, water sol. potash in usli 

loa; 

1.7-1) 

Percentage phosphoric acid in sol. asli 

41-5 

:mi) 

percentage potash in sol. ash 


41 ti 


CoM'posilion of fke husk and clttijj oj diffarnl rartrhrs. 
The following table shows the variation found: 



Chall 

H\isk 


'‘o 

'V 

Nitrogen 

o.js-ni).') 

il-l,") 0-.7(l 

Fibre 

U)S0-iy'4 

u 

Ash 

L0-:h>-:10'y 

4-7-or> 


Proportion of emhryo {gcr 7 n) in kernrl. 

The proportion of embryo in the kernels of several of tln> vatielios 
examined varied as follows; Potato, medium siz(d keniek Slorin 

King, large kernel, 2-6 %; Beseler’s prolific, large kernel, :k7 Xal ive 
Oat," small kernel, 2*6 %. Compared with the whole kernel t he eixlospei tii 
was found to contain 93-1 % of the ash, .^7-7 of the oil, 9o-l ,, ol 
the protein, and 93*3 % of the phosphoric acid. 


Correlation of size with otheb ciiakactrrs ok the ouaix. 

In Table iX, p. 386, a connection betwoon the size and other char- 
acters of the grain of different varieties was shown U) | 
in the following table bring out tliis point more cicarlv. le viuies 
♦ are taken from the results of analyses of samples of dresses gram ob- 
tained from field experiments carried out in the south and soutfi-western 
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counties of Scotland. In arranging tlie table, the analysis and other 
data for each sample of grain were tabulated in ascending order of the 
vseight of kernel commencing with the lightest and averages taken. 
The following result was obtained : 

Table XV. 





Dry kernel 





Katid nf 



r 

A. 


— — ^ 




grain t.i 


Kernel 

Nitrojren 



Weight 



grail! 

Wright 

^ ^ 

^ 

^ 



per 

Yield per acre 

and 

of 1000 

in f^rain mobturu 


yield 

oil 

ash 

bushel 



^ 

straw 

kornols 

per- per- 

per- 

per acre 

per- 

per- 

of grain 

grain 

straw 

|)er- 

^rrtis. 

uonta^iu centa^e 

centage 

lbs. 

centage 

centage 

lbs. 

lbs. 

l).s. 

centage 

20-8 

72-0 Ll-3 

2 '7.7 

490 

8-20 

215 

37-6 

180H 

.7528 

2r-ti 

2 :vo 

74-3 12-1 

2' 0.7 

52-3 

8-25 

2-00 

37 0 

2051 

4127» 

33-2 

2.'>'0 

75-0 12-3 

2' 47 

73-0 

8-24 

2-12 

39-7 

2103 

4873 

30-7 

27-2 

7.i-r> 12-8 

2'26 

ofvO 

8-23 

2-05 

40-9 

2433 

4370 

3.5-7 

290 

7o() 13'.5 

2 32 

574 

8-25 

2 'OS 

41-1 

2473 

4003 

37-9 


* This figure is low, owing to low yields at some centres. 


It is seen that with increase in the size of the grain there is a 
corresponding decrease in the proportion of husk, the percentage of 
ritrogen in the grain, and in the yield of straw per acre, whilst the 
yield per acre, of the grain, the weight per bushel, the ratio of grain to 
grain and straw, the carbohydrate content, and the percentage of 
moisture in the grain, showed a progressive increase. The percentage 
of oil and ash remained stationary. Although the kernel becomes poorer 
in nitrogen as its size increases, the actual yield per acre of nitrogen 
increases, owing to the larger yield of grain. 

The above table differs from that on p. 386 in that the relationships 
shown here are those produced from the effect on the grain of cultural 
conditions. 

A consideration of the table at this stage, it was thought, provided 
a good starting point for taking up in some detail the various factors, 
apart from the influence of variety, which produce change in the coni- 
position and characters of the oat crop. 

Early and late sowing. 

The average result of five experiments have been taken. In each 
one tiie seed was sown in the months of January, February, March and 
April respectively. The figures are given in Table XVI following. 

The January .sowing gives the heavier grain and the thinner husk. 
The grain diminishes in size each month, that from the April sowing 
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:]9:) 


being the smallest and it contaiiicd the thii'kesr husk. The nsh diininislies 
in the same order. The oil and the nitrogen do not to he alleeted. 


Table XVI. 


.\v<‘rai'i.' dt live 

Uatf i>t sowiii'j 


JaiiiiiU'y 
2H'4S 2vS-22 


O' 29 
U'05S 
1-72 
0'()2 


0-27 

004H 


2S0ti 
7:V:ts 
I'tlO 
S 4.7 
1 -ot; 
0'2S 
o04:t 
I'll 
O', 73 


A|.nl 


S'37 
I 93 
(1'29 

0 (Oti 

1 32 
0-49 


Kernel, wt of 1000, grms. 

percentage in grain 
Dry Jeernd: percentage nitrogen .., 

,T oil 

Dry straw: percentage, nitrogen . 

,, phosphoric aeitl, P^Oj, 

potash, KjO 
„ lime, CaO 

The crop from the April sown seed was in each exjiei'iiitnit ripe last, 

whilst' there was not, much diherence between th(‘ date uf Mp(Mnnc ,,t 
the other sowmgs. The crop from the earlv sown seed (ainlained man^e 
blank -spaces and being ripe first, suirered more from damage by buds 
which fact depresses the yield of grain for these months. 

The following table provides data bearing upon the relative devclu])- 
riient of the plant from the respective sowings. Thv tiuurcs aiv tl.e 
averages of four experiments. 

Table XV 11. 

Avenage of four cxpi'niiHMil^t 
Jnniiary Kchrniifv Min'cti .-Xi'n! 

Weight in 07 , 3 . of 500 complete stems ... 

Proportion of grain to grain and straw 

From these figures it is evident that, provi.led u fnll en.i, emihl l,e 
crown, the early sown seed produces the largest mim o ,.i,uri .m 
itraw per acre. 'The weather in the earlv nnndhs is very prewmons f... 
sowing^ for cermination, and for growtl, eemually. hut 
established the plant possesses advantages in tliat it ' 
root system compared with that of plants grown fiom l.il« i . . ■ 

Effect of MA-NrHixo. 

According to the figures in Table XVI 11 whicl, lire tin' 

of an experiment carried out at five cenhes mi soi . ■ the ciiiniio- 
of fertility, the effect of moderate dressings of nnuuues on tin cmiipo 
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sition of the grain is comparatively slight. The grain from the plots 
receiving nitrate is slightly richer in nitrogen. The well-known effect 
of the application of nitrogen manures was also visible in the colour 
of the straw. The date of ripening of the crop for the respective plols 
did not vary within more than six days. Under less favourable soil 
and climatic conditions, the results, would in all probability have been 
more pronounced. 

Table XVIII. 



Nitrate Sulpiiato 

Super- 

Nitrate 

I'n- 

Nitrate 

Super. 

Nit rale. 


of of 

pliosphate 

and 

and 

and 

snyter, and 


soda putusli 

of lime 

super. 

manured potash 

potash 

yioiasli 

Kernel, weight of 1000. grins. 

20‘12 20-08 

20-58 

20-44 

20-20 

20-28 

20-62 

•20-4H 

, , percentiige in grain . . . 

7t'.52 74-00 

74-04 

75-13 

74-29 

74-92 

74-74 

74-76 

Dry kernel ; 

Nitrogen i>oreontagc 

2-71 2-o9 

2-54 

2-67 

2-54 

2-66 

2-52 

2-54 

Oil 

8-34 8-44 

8-46 

8-39 

8-41 

8-32 

8-36 

8-36 

Ash 

2-23 2-27 

2-30 

2-29 

2-25 

2-20 

2-28 

2-2! 

Dry straw : 

Nitrogen iKTcentagc 

0-32 0-31 

0-34 

0-32 

0-31 

0-37 

0-31 

0-29 

The m.aniire.s were applied at the folio win 
potash ^ ewt., siijierphosphate H ewt.s. 

g rate per acre, 

nitrate of soda 

1 cwt,. 

sulphate 


IXFLUKNCK OF SEASON. 

The grain of t\vo varieties of oats, Potato and Sandy, grown at 
Kilmarnock, ha.s been amilyscd yearly since 1!108, and the average result 
for each year is given in Table XTX. The crops received an annual 
dressing of 2 cwts, of superphosphate, 2 ewts. of kainit or its equivalent 
and 1 cw't. of nitrate of soda })er acre. See tables in Appendix for 
meteorological and soil conditions. 

Table XIX. 

Kernel 

Length of r s 


Year 

Kainfall 

iru'hes 

growing 

j'leriod 

days 

Weight 
of 1000 
gnny. 

Percentage 
in grain 

Water Percentages in dry kernel 

per- r — * > 

centage Nitrogen Oil Ash 

1908 

39-6 

150 

21-76 

7612 

13-71 2-41 

861 

2-29 

1909 

40-9 

154 

21-50 

76-20 

12-77 2-27 

8-98 

2-23 

1910 

37-9 

14G 

2 1 -04 

76-01 

14-03 2-30 

9-03 

2-23 

1911 

3G0 

143 

21-78 

76-18 

13-24 2-42 

8-39 

2-19 

1912 

36-7 

143 

21-44 

75-35 

13-80 2-26 

8-82 

2-11 

1913 

336 

135 

20-20 

75-20 

11-60 2-31 

8-92 

2-2.3 

1914 

38-1 

136 

20-34 

75-38 

12-99 2-45 

8-79 

2-27 

1915 

325 

139 

20-94 

76-19 

13-39 2-20 

9-29 

2-12 

1916 

42-9 

146 

23-82 

76-50 

11-03 2-74 

8-20 

2 43 
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The 1916 crop was jirown on newlv plough,,] 
been under permanent pasture for a iuiuiImm' of years. l,i tliis vaar t la- 
grain was heavier and the percentage of nitrogen hiuher than in atie 
of the preceding years, while the oil was the loun-si. ^I'lie change pn. 
duoed in the size and composition of tlte grain in one war. hv gmuing 
the crop on land newly ploughed up. compared with atahlc land in ihc 
previous years, is therefore greater than that ])ro(luced from the (-tlccf 
of the climate in any one of the nine years covincd hv the rxperiiHcnt . 
The percentage variation is given in Table \XI. ]). 

The infiiieiicc of season upon the yield per acre of grain and straw 
is more marked as shown in the following ligincs. Tin- liguivs arc tin- 
average of 29 varieties grown aiiiuialiy at Kilmarnock. 

Table XX. 

Yiol<i per ricrc, Ihs. 

HtoT I ill IS . 11)011 mm mil 

Crain ... 2ii4S gg-J,') gtgo go:,! g:,g;, 

Straw 4().V5 tii;;),') nitg :c(70 ttisi 

Ratio of grain to grain and straw, ... itU-j liS i) :t7 t lU l lis-g 

The average ratio of graui to the, total cro]) is rcinatkablv nnifonn 
during the period in (luestion. 

InKLUENOK of UKWLITV, 

Samples of grain obtaimni from a juimbcr of variofios grown fbr 
several years on farms situated in the south ami siuit li-woslmn oimubn-s 
of Scotland, tvere analysed. The same vaiieties wme grown annimllv 
at all the farms. The average result of the analvsc-s Dhtaiimd for caoli 
farm is the figure taken as the basis fru' cottij^aiisoii. Tin- In-iglit al>i>ve 
sea-level and the length of the growing pciiml wen- reroid»‘d in the 
majority of cases. 

In order to indicate what has liecn the maximum change pnxluci-d 
in the characters of the grain iii one year, the dilb-rmre. hetwei-n the 
centre with the lowest figure ami the centre witli tin' liigln-st iigun- has 
been taken and the result expressed as a pi;-i'cciit;ig(' of tin- !o\vi*st. I he 
variation iu the yield of grain aaid straw is not im-lmb-d. For informa- 
tion upon this point reference should be maili- to tin- on oat 

experiments issued by Agricultural ('nlleges. 

The average yields^ of oats oljtained in difb-rent parts nf Sc.otlami. 
are given as follows : 

* Board of Agriculture for Smllniid, A^jri. 1014, 3, IM 11, |». 117 
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Thp yield per acre for the North and North-Western Counties is 33-08 bushels 

„ „ „ Korth-Kastem „ „ 39-69 „ 

„ ,, „ Central ,, 45-12 „ 

„ „ ,, Soiith'Eafttem „ ,, 43-5 „ 

M ,, ,, West and South-Western ,, „ 40-02 „ 

The table below shows the maximum variation in the characters of 
tlie grain produced by locality. The year 1916, for reasons already stated, 
was not included in calculating tli,e variation found at Kilmarnock. 

Table XXI. 


This table shows the rnaximim variation m tJie grain from different rc»//v,v' 
in the years 1909, 1910 and 1911 in percentages. 



Weijjfht 
of 1000 
grins. 

Kernel 

Pro- 
portion 
in grain 

Water 

Dry kernel 

Nitrogen Oil 

Number 
— , of 

Ash ’ farms 

190<S-19I() 

7-9 

1-7 

20-9 

11-4 

10-7 

8-5 Exp. Ktatidn 

1{H)9 

18-5 

31 

22-0 

37-0 

18-8 

34-9 14 

1910 

33-5 

6-7 

30-9 

54-5 

28-9 

17-6 17 

1911 

38-2 

7-8 

28-0 

39-2 

16-8 ^ 

23-9 15 


Average composition of kernel for each year, percentage 

1909 

26-26 

74-73 

12-51 

2-31 

8-28 

2-02 

1910 

24-38 

75-20 

11-27 

2-28 

8-54 

2-08 

1911 

24-r>2 

74-2 

13-40 

2-73 

7-71 

207 


The 1911 figures contain five centres situated in the south of England 
and Wales. This year therefore includes climatic and soil conditions 
not represented in the two preceding years. The variation found, is 
of course limited in its application to the cultural conditions under which 
the crops were growing. Rut as there were centres in each year situated 
from sea. level up to an elevation of, and sometimes over 1000 ft., the 
results can be taken to indicate the type of variation commonly occurring 
in any year, in this part of Scotland, also at one centre over a number 
of years. Rv using ‘‘ dressecT' instead of “undressed ” grain, the variation 
is in all probabilitv below rather than above that which actually occurs. 

The analyses of the grain from all the centres for each year have 
been averaged, and the result is given at the foot of the table. From 
these average figures, the differences in the character of the grain from 
year to year is seen to be relatively small. 

As the soil and climate conditions in the west of Scotland are in 
great contrast to those wdiich prevail in the south of England and 
Wales, figures for the Scotch and English centres have each been averaged 
and the results put into Table XXII, p. 599. 
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PericKl 

of 

growth, 
day 8 


Kernel 



Weiylii 


Weij-ht 
of 1000 
grui». 

Per- 
ce 11 tivge 
in grain 

Ui'v kernel 
o ater ]‘i'rccni;»i.'e 

jjer- . — t ' 

centiige nitrogen oil n 

i^ll 

Ver 

liuslie! 

cii 1 ,-niiu 
il.s. 

West of Scotland 


2612 

75-2;i 

1 4'30 2-54 7- 05 2 

■04 

43-1 

England & Wales 

120 

21-78 

72-28 

12-22 3-07 2 

•Oil 


Seed corn 

— 

27-04 

75-45 

12 32 ^ 2-34 7-40 2 

-111 

41-5 
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, The effect on the characters of the ^rain of one vear‘s ^rowlli at the 
English and AVelsh centres compared with tliat of the ■‘seed corn” are 
summarised as follows. The ‘'seed com" was grown in Scotland. 

The average weight of the individual grain has diininislied bv ahont 
23 %, there is a thicker husk, the nitrogoo content lia.s increased hy 
about 28 % whilst the oil is lower. 

A comparison of the average Scotch witli the averagi' English ami 
Welsh centres given in the same table .shows a grc'ati'r variation still 
for most of the constituents. The variation for the Siaucli, English and 
Welsh centres inclusive for the same year (1911) is shown in Table X.\l. 
p. 398. 

The period of growdh amounted on an average to 111 dav.s in tin' 
south andsouth-west of Scotland and to 1’27 day.s in tliesonth of England 
and Wales. The average nitrogen content of the drv matter of the straw 
was 0*31 % in the former and 0-44 % in the latter. 


Period of growth and its effect ri>o\ 'itik ch.mv. 

The length of the growing period is a fact(n’ whi(:hls mainly deter- 
mined by the climatic and soil conditions, and as it |)}(>\ides data 
which allows of a more definite interpretation, a table has been drawn 
up in which the length of the growing period has Immmi taken as (he 
basis for comparison. The figures have been arranged in ascending 
order of the length of the growing period, see Table XXI II. All the 
centres are included. 

Table XXIII. 

aatin of 


Length Height 
of above 


Kernel 


Dry kernel, 
percentage 

Weiiria 

jper 

\ lel.i pi-r 

Up 

pnipt 

NumljiT 

growing 

sea^ 

Weight 

Per 

Water 

^ ^ 

lni8Ptel 

ai’.re, Ihs. 

!-t.ra«- 


period. 

level 

of 1000 

centals 
in grain 

per- 

nicro- 

of grain 


lPi:r 

(ijctil res; 

days 

feet 

grms. 

eentage 

gen oil awh 

ll»<. 

grain p-traw 

p.pt-iil!i.Kc. 

167 

719 

24-68 

74-82 

11-65 

2-36 8-67 1-99 

3S-8 

2013 46.33 

30-6 

15 

ISl 

280 

26-12 

75-39 

13-03 

2-32 8-14 2 12 

42-1 

23SS IIHMf 

35-2 

1.1 

129 

274 

23-88 

74-08 

12-83 

2-89 7-64 2-02 

37-0 

2089 3656 

36-3 

fl 
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The average figure of 167 days, representing a long growing period, 
contained all the centres, irrespective of the type of soil, situated 
at high elevations, including those up to and sometimes considerahlv 
over 1000 ft. No rainfall figures were recorded, but Watt^ shows that 
the rainfall increases with the elevation, while the mean temperature 
and the hours of bright sunshine decrease. The minimum rainfall would 
he about 60 inches per annum. Under such conditions the crop is in 
many cases harvested in an immature state. 

The average figure of 129 days represents a short growing period , 
and includes four of the Knglish centres and one of the Scotch centres. 
The conditions in this case in so far as the climate is concerned, represent 
the opposite extreme and there is a tendency of the crop to premature 
ripening. 

The effect upon the grain of the two sets of conditions may be 
summarised as follows: with a relatively high rainfall and low tempera- 
ture, growth is so protracted that the crop does not in many cases 
come to complete maturity, the grain prijduced is thinner, possesses a 
thick husk, and is below the average weight. It is rich in oil and the 
nitrogen is above the average. The weight per bushel, and the yield 
of grain in proportion to straw is low. 

in a warm dry climate where the crop lipens early and often pre- 
maturely, the effect upon the size, shape, and thickness of the husk in the 
grain, is in the same direction, but more pronounced. The oil content is low 
while the nitrogen is exceptionally high. The bushel weight is also low 
but the yield of grain to total crop is high. Tlie straw is rich in nitrogen. 

In Ontario^ the average growing period is from 100-108 days, the 
average percentage of kernel is 71-9, the weight per bushel 33-4 lbs. 
and the ratio of grain to grain and straw 65-0 %. See also Imported 
Oats, p. 404. 

On an average, in the west of Scotland, a cultural condition which 
gives rise to a period of growth round-about 140 days produces the 
heavier grain, rich in oil, and a greater yield per acre. Hendrick^ found 
that the percentage of oil was higher and the albuminoids lower in the 
dull cool seasons than in the dry seasons. 

^ Watt, Andrew, “Mean annual rainfall in Scotland, 1871-1010,” Joiirn. 
Mtimrolixjkal Sw., 1910, 

® Ontario Agricultural College, “ K.xperiinenta on Oats,” 39t7f Annual Report, 1913, 
p. 144. Ohio AgricultiirallCxp. Station, “ Experiments with Oat,” BuUvihi 138, March, 1903; 
257, Feb. 1913. 

3 Hendrick, J. and Oreig, K. B,, “Report on Oat Trials,” Bulhfm No. 6, Aberdeen 
and North of Scotland Agricultural College, 1904. 
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Soil and its effect vpon thk chop. 

A record was kept of the type of soil, as jutljied hv obsorvaiioa, aiul 
from information supplied by the exporinuMiters. but bovoml ibis il 
was not possible to go in the present case., lu tliese experiments it 
ia practically impossible to distinguish between t1u‘, iutluenee wliieli the 
soil, apart from that of tlie climate, exerts on the e'i'o]'i. 

At high elevations where there is a considerable rain full, tlraiiiage is 
the factor of paramount importance. At these elevations the soils are 
more often in a low state of fertility and tliei'e is a lack of available 
nitrogen due to tJie unfavourable conditions for nitrllication. a result 
which is reflected in the composition ami yield (d niti'ogen per acre hy 
the crop. 

Susceptibility of varieties to chance. 

The yield and composition of the grain of individual vaiieiies grown 
at the various centres, have been tabulated separately. K(»r the]>resenl 
purpose only four varieties, namely. Potato. Sandy. Wide Awake and 
Beseler’s Prolific need be considered. The peixanitage variation in the 
size and other characters of the grain have l)een worked out on t he same 
basis as before and they arc given in Table XXIV, p. Itt2, 

The data supplied by these experiments and condensed inTabieXXI V 
is not however considered to be sufficient to ])rovide a <leiiiute basis lor 
comparison of the relative degree of snsce])tibility ot varietit's to change, 
under the varying conditions of growth in the west ol Scotland. W right' 
points out that the variation in the yield of grain and straw lor the 
acclimatised straw producing varieties is less than it is fi>r the new or 
imported grain producing varieties. The same remark ap]ilies lu (lie 
chemical and physical characters of the grain in tlu' ]>rosent I'xpiTimeiit. 
It also seems clear from these results that the old Seotrli varieties sm li 
as Potato and Sandy when grown from Scotch seed corn, umbu flie 
warmer and drier conditions tvhich communly prevail in the south of 
England, are more susceptible to change than am the newet saiidii s. 

It is noticeable in the years 1909 and 1910, that the variation in the 
size of the grain of Potato oat is about 211 % compared with 19", m 
the case of Sandy, in other respects the degree of variatmn is 
The proportion of singles in the car of the lonner is about (id „ am 
in the latter about 80 %, a fact which may contribute towards t In' above 
difference. See Table VI, p. 378. 

1 Wright, R. "Report in Oat R.Kpcrimeritji,’' West of Seotlimd Ayn. ( 
Annml Heport. 
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Table XXiV. 




Weight 
of 1000 
grams 

A , 


Dry kernel 



Variety 


Percentage 
in grain 

Nitrogen Oil 

0/ 0/ 

/o /o 

Ash 

% 

Water 

% 

Potato, 

1909 

M 

2-7 

26-4 

21-9 

27-2 

29-0 


1910 

26-1 

6-7 

43-5 

28-7 

13-9 

43-2 


1911 

48-3 

8-4 

44-8 

191 

28-9 

29-0 

Average 


31-5 

5-a 

3S-2 

23-2 

233 

33-7 

iSandy, 

1909 

46-4 

2*7 

29-0 

2.3-2 

26-8 

28-4 


1910 

46*7 

5-1 

41-9 

24-9 

U-l 

49-0 


1911 

48-9 

7-1 

71-3 

24-7 

231 

271 

Average 


47-3 

4-9 

48-6 

24-2 

213 

348 

Wide Awake, 

1909 

23-2 

3-3 

3u-0 

23-6 

35-2 

28-5 

„ 

1910 

26‘4 

12-3 

83-7 

30- 1 

23-7 

44-3 


1911 

33-5 

2-3 

54-1 

18-8 

24-8 

32-0 

Average 


27-7 

5-9 

,57-6 

24-1 

27-9 

34-9 

Beself-r's Prolific, 1909 

23-7 

4'G 

63 o 

20-7 

43-7 

25-0 


1910 

34-5 

7-8 

55 ’5 

32-8 

27-0 

43-5 


1911 

3(M 

14-8 

59-6 

. 24-8 

22-8 

28-1 

Average 


31-4 ‘ 

9‘1 

59-5 

Zfi-l 

311 

32-2 


Characters of the grain subject to variation. 

From wliat has been said in the f^egoing pages, the weight of indi- 
vidual grains and the nitrogen content are the most variable characters. 
The oil, water, and ash, show a less but yet a considerable variation. The 
proportion of husk varies in the opposite direction to that of the size 
of the grain. 

The impression which remains after the examination of many 
samples of grain is the comparative ease with whicdi some of the so- 
called distinctive characters by which the grain of different seedsmens 
varieties are recognised, undergo change when the crop is grown under 
new sets of conditions. The progeny is iji many cases hardly recognisable 
with that of the parent seed. The characters visibly affected are the 
colour, size of the grain and thickness of the husk. These features appear 
to remain con.stant only when the crop is gi own undei' a set of conditions 
siniilar or identical to that in which the seed corn was produced. 

According to Wilson b colour is a dominant Mendelian character of 
oat grain. Low^ and others* state that the tcnrlency to the development 

' Wilson, Joliti H,, Hybridisfition of Cereals,” Rapori of B.A. Cambridge 

1904, p. 796. 

^ Low, Daniel, Rleinenls of Praciical Agrifidture, 1H34, p. 1148. 

^ Chainbers' Rncyclopaidia, Article on Oats, 12- 
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of awns is lessened by L'ultivation and when present they soinetlim-s 
wholly disappear. 

That the oat crop is subject to greater variation than other cereals^ 
is not surprising considering its groat ]n>wei's ih' adapt ululity, \\'ilM»n- 
says oats arc grown as a crop in Sweden as far as lid Latit nd(‘ :Ui degrees, 
and in Norway as far as latitude 65. Tn Russia the polar limit (’mresiionds 
with that of rye about 6'2 T.. :P2 degrees. Turning southwards l lie eliinale 
becomes less and less suitable for oats. This is well seen within tlie limits 
•of our own country. South of the parallel of Paris 15 h. hti d. oats 
are rarely seen in cultivation. In Spain and Portugal tliev are hardlv 
irrown at all, yet they are cultivated successfully in Bengal in lal it tide 2-). 
Here probably the moisture of the soil compensates for the extreme 
temperature of the climate. The writings of De ('andolle^ and more 
recent authors draw attention to the unusual [towers of avelimalUation 
possessed by the oat. 

The property of acclimatisation jtosscssed in such a marked degree 
by the oat seems sometimes '.o be uiideivaliieil. I’nr exaii]i>li' ni a 

paper bv Russell* oii,tlic. comparative estimate of the hiim.ni 1 

|,r<Kluced per acre bv tlie different crops in the United Kinmlnm, no 
stress is laid iipon the fact Unit oats can be cultivated on lam! where 
the cultivation of wheat would be a coinparatiim fmliire whilst, oats e,iin 

be cultivated wherever wheat is ^own. 

Deficient warmth and a wood rainfall accnrd.ne to crop sta islics 
drawn up bv Shaiv and \Vatt= are the conditions under winch the m, t 
thtivea best These are conditions t.ypical of a event pan of Neolhmd. 

Mineral constituents of tjie chain. 

The phosphoric acid, potash, lime and niaeiiesia were d.Uerniiiied in 

a number of samples of erain. The averaee percentaee 

the ash w^as found to he 

Phosphoric acid PjO,-, 

Potash KgO 
Lime CaO 
Magnesia MgO ... ••• ^ ' 

1 Standard Enrydoptdla on Anricidl lur, 

2 Our Field Crojni, hy John \\ilsiai, 1. ‘iTVlITti. 

3 De Candolle, A., dngm of (.itlfiralcd .,,„i bmd." doano 

* Russell, E. J., '‘('omyaraUve values of sefoadmUt 

Fartners' Cluh, 1917, oth Nov. SroUnnti;' |>. ISI: 

. Watt, Aiutrcw, ‘■On 'g ''™ I ' " ' " g ,iov, t7th 

•‘On .Seasons and fre|.. in E«.st "f «• ''• ’ ' 

Mfkoroloyical Soc., 16, Third Senes, No. 3o. 


52- (i 
2 pH 
,5>S 
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Small differences only were found in the amounts of the mineral 
constituents present in the different samples of grain. 

Proportion of whole grain in oat samples. 

On an average the amount of chaff, weed seeds and free kernels 
(shelled grain) in the samples of dressed grain is small, though in indi- 
vidual cases it sometimes amounts to over 15 %, the greater part of 
which consists of free kernels. It is noticeable that the proportion of 
“ shelled ” grain in some farms is high, a fact which may be accounted for 
by a more drastic dressing of the grain. However when this high figure 
occurred it did not appear to affect the proportion of kernel in the grain. 
In a recent paper 8tapIedon and Loveday^ found that the highest pro- 
portion of '‘shelled”’ grain in oat samples was 5-7 % by weight. 

The figures are given in the following table along with those for the 
proportion of light corn. 

Table XXV. 

1909 19W 19U 

AvL-rage Hi^liest Lowest Averiif^e Highest Lowest Average Highest Lovvest 


Five kernels (“skilled” 
grain), eliall, and wood 


seeds 

2-28 

7-74 

0-4J 4-25 

111- 78 

0-47 

3-36 11-89 

0-53 

Free kernels (“shelled” 
giaiii) 

MU 

4-08 

0-12 3-50 

13-89 

O-ll 

2-47 10-80 

0-24 

I’crceritagc “ liglj tciim ” in 
total yield of grain ... 

7-7 

17-55 

2-27 9-8 

20-29 

1-54 

_ _ 

_ 


Importeh oats. 

Samples of grain imported from Canada, Argentine, Danubian 
Provinces and Cermany were obtained for analysis from cargoes arriving 
in Glasgow during a period of two years. For these samples the writer 
is indebted to Thomas Borthwick, Fsq., and to Messrs Gilchrist and 
Thomas of Glasgow. About 90 % of the Manitoban grain imported 
into this country in 1915 consisted of the varieties Abundance, and 
Wide Awake, oats. Samples of these two varieties grown in Manitoba 
were obtained direct from Prof. S, A. Bedford, Superintendent of 
Demonstration Farms for Manitoba, through the intermediary of the 
Secretary of the Board of Trade and Commerce for Canada, Their 
analysis along with the other results are included in the table on p. 405. 

^ Stapledon, R. G. and Loveday, H., “‘Shelled’ grain in Oats,” Jmrn, Bd. Ag., 1919, 
26, No. 5, p 489. 
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According to the figures given in the above table, the main points 
of difference between imported and home grown oats may be sum- 
marised as follows: Imported grain is drier, smaller and contains a 
thick husk. The nitrogen is exceptionally high while the oil is about 
the same as that found in average home grown grain. The kernel 
contains more fibre. 

Manitoban oats are larger and heavier per bushel than either the 
Plate or the Danubian oats. This is probably accounted for by the fact 
that the Manitoban oats are grown in a cooler and moister climate, < 
with a growing period varying Irom 100-110 days, compared for example 
with the conditions of growth in the Argentine. 

Imported oats are nfet as a rule dressed beyond the winnowing and 
screening in connection with the threshing. The weed seeds present 
provide a means of identification of the country of origiiP, 

Oat straw. 

Oats are usually cut before .the straw has taken on a uniform yellow 
colour. If allowed to become dead ripe the loss by the shedding of grain 
increases. The value of the straw tor feeding purposes also diminishes. 
It is a well-known fact that as the stra\v matures, the proportion of 
protein nitrogen increases whilst the digestibility of the crude fibre 
decreases. 

Some figures, obtained in the present investigation, bearing upon this 
point are given in the following table. See also Figs. 3 and 4, pp. 372, 375, 
and Table XXVIII in Appendix, for the composition of the straw at 
different stages of growth. 


Table XXVII. 

J une J uly August 



it]r~ 

21st 

5th 

I'oth 

3rd 

16tb 

Protein crude 

16-5 

10-59 

700 

4-73 

2-84 

1-44 

„ true 

13-3 

8-57 

5-86 

4-00 

2-43 

1-31 

„ digestible ... 

121 

7-52 

0-16 

3-11 

1-99 

0-87 

Fibre crude 

1413 

21-6 

24-67 

24-68 

24-83 

28-27 

Cellulose 

12'44 

19-03 

20-77 

2M0 

21-38 

23-57 


.Aitken^ states that the straw of grain producing varieties is poorer 
in nitrogen than that of the straw producing varieties. From what 

‘ Stttpledou, H. G., “Tdentificatiou of the country of origin of Commercial Oats,” 
Jowm. Bd. Ag., 191(3, 23, No. 2. 

s Aitkeii, Dr A. P., ‘‘Analyses of Oat Straw and Oats,” Trans. H. and A<}. Sot. of 
Scollami, 13, 1901, p. 284. 
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lias been pointed out in an early part of this paper, tlie iui^ratit)n 
of nitrogen from the straw into the kernel begins at tlie stage wlieii its 
absorption from the soil appears to cease. It would alsi* seem to follow 
as a matter of course, that the withdrawal of nitrogen from tlie straw, 
would be on a larger scale in the case of the grain, comiiared with that 
of the straw producing varieties, and the degree of exhaustion of tin* 
nitrogen in the straw in the former case would l>t‘ greater, unless the 
plant adjusts its requirements by taking in larger sui)i)lies fomi the soil 
or produces a kernel poorer in nitrogen. The evidence in favour of I lie 
last named is very contradictory, see Table Vlll, pp, 

Unfortunately the bulk of the straw’ samples w’hieli had accumulated 
were removed during the war, from the building in which tliey were 
stored, and were lost, and as yet it has not been possible to replace < liem. 
If account is taken of the proportion by weight of graiit to straw, tlie 
composition of the straw, and of the corresponding grain, it is found 
that the results obtained in the present experiments are so coutiadictorv 
and arc not sufficiently numerous to bring out the connection winch 
Aitken found. The followdng table gives the percentage tif nitrogen in 
dry straw and grain respectively. 




Straw 

Gniiii 


19rt~ 

1910 

ms 191K 

Potato 

, 046 

0-274 

0-39:1 2-12 

8andy 

. 0-42 

0-250 

()-40S 2-:io 

Besftler’a Prolific .. 

. 0-4.5 

0-308 

0-392 1-95 


The composition of the straw should be considered along with that 
of the yield per acre. In an experiment which was started with the 
object of finding the degree of variability of the nitrogen (‘ontenf of 
individual straw’s and from which the following figures have been ta.kcn. 
it is seen that although the percentage of nitrogen in the .straw might 
be low the actual yield of nitrxigcn per acre mav be greater in tlie case 
of straw with a low compared with that of a high nitrogen content. 


I.,ength of straw 
inches 


Weight of straw 
dry matter 
gnus. 


Total wf'ight of 

nitrogen Nitrou(‘[) 

grms. 


27-4 

•320 

32-4 

■578 

36-6 

■828 

42'6 

1-415 


•0020 
• 002:1 
■002 (> 
•0034 


The losses in nutritive material and dainasie to tlic crop 
weather at harvest time, is a serious matter in some years. 


•n: 

•40 

31 

'24 


during bsid 
In Russia' 


X Loudon’s Encyclopaedia, “Kiln drying <d P- 

JouTD, of Agiio. Sci. X 
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and Sweden kiln drying of the crop after cutting, has been resorted to. 
in order to avoid losses dufr to weather conditions. The larger use of 
drying-sheds in wet districts in this country is strongly urged. 

Summary. 

1. In the comparatively humid climate, of the west of Scotland, the 
water content of oat grain, threshed soon after harvest, amounting, a.s 
a rule to betw^ecn lb and 18 %, fell, during storage, to between 12^0 and 
14-5 %. Grain grown in the drier climate of the south of England 
and Wales contained on an average 12-2 % compared with 14-4 %. 
The weight of stored grain varied to a certain extent according to the 
bygroraetric condition of the atmosphere. The maximum variation 
amounted to between 4 and 5 % of the initial weight of the grain. 

In addition to the usual analytical data, it was found to he of great 
advantage, in connection with each sample of grain examined to keep 
a record of, date of threshing and date of analysis, proportion of whole 
grain, weed seeds, husk, etc., average weight of 1000 grains, height 
above seadevel, type of soil, length of growing period, rainfall, previous 
cropping and manuring, condition of the crop. 

2. Between 11 and 12 % of the fatty substances in the oat kernel 
is present in the germ (embryo), the remainder is principally in the 
aleurone layer. The amount of extractable substances varied according 
to the solvent employed, ether and petroleum ether yielded the smallest 
and alcohol the largest extract. From 88 to 96 % of the total, was 
dissolved out by different solvents, in a five hour extraction. With 
repeated five hour extractions, ether still gave a small residue in the sixth 
extract. All the extracts contained finely divided solid matter in sus- 
pension, which could be made to separate out as a yellow residue and it 
amounted to between 0-2f) and 6 % of the ether extract. 

The extracts were found to be slightly higher from ‘'ah’ dry” meal 
and ordinary ether compared with ‘"dry” meal and dry ether. 

Free fatty acids were almost absent in the oil from freshly ground 
kernel, but afterwards they rapidly increased and in 21 days, calcu- 
lated as oleic acid, they formed over 55 % of the extract. Drying the 
grain such as is done in the manufacture of oatmeal, had the effect of 
slowing down the rate of hydrolysis of tlie fat, but the amount of acid 
finally liberated was the same. ■ 

Sources of error in the usual method.s for th e determination of water 
and fibre were pointed out. 
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3. In the growing oat under the soil and climatic condiu.Mis whii'h 
prevail at Kilmarnock, the absorption of nitrogen and potassium ctnn- 
pounds from the soil practically ceased at the stage when tlic kcniel 
began to develop, whilst the absorption of phosphorus, total ash, at\d 
the accumulation of dry matter, continued until t he phiut was mat me. 

Phosphoric acid and potash forined oO % of the total weight of ash 
absorbed by plants of about two months growth, and \Yhich fell to alioui 
26 % in the ripe plant. 

. Migration of nitrogen, potassium and ])hosplionis compounds from 
the straw, husk and chaff into the kernel proca-eded until maturiiv was 
reached. 

The available supplies of mineral ami jiitrugen compounds in the 
soil at the successive stages of growth in the life of rlu' crop wane not 
determined, so that the influence of these supplies upon the ahsoiption 
of these compounds was not shown. 

No evidence was obtained, except in (he case of j)otassnnn at one 
of the cuttings, to show' that plant constituei\ts pass out of the j>laiit 
into the soil again during the growung period, unless the stage at wliich 
their absorption appears to cease, is interpreted as being due totite rate 
of ingress being equal to that of egress. 

The composition of the kernel, stiaw', ehalf, husk at the successive 
stages of the growing period wms detei'mined. 

4. Component grains in a spikelet varied in weight, proportion i>l 
husk, and in chemical composition. As a rule the ^‘firsts of llm 
“doubles’’ and the “firsts'’ and "seconds’’ of the “trebles ’ \v(>rt‘ larg(> 
grains, the “seconds” of the "doubles ' and the “thirds of tin' 
“trebles” were, small grains, tlie remainder were im'dium si/eil. I lie 
larger grains on an average were rieher in oil and in nitroircii. 

The number of grains in a spikelet varied also a(‘<a)rding io llie 
variety and to the cultural conditions. Accordinj:lv it follows that Kie 
uniformity in the size and in the composition of individual giains 
comprising a sample is subject to considerable variaf 

5. The composition of the kernel and of the grain of a huge niinilK i 
of varieties of oat was determined. 

Colour, weight of kernel, and proportion oi kernel in the grain, hnnnd 
the basis upon which the analyses were tabulated, ^ ^ 

White, yellow, black and grev coloured grains forme<l tlm prineipa! 
groups. These were again separated into sn})-groups according to tti- 
proportion of husk and the average size of individual grams, ^ 

A small kernel was taken as having an average weight up to 2 gtams, 
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a medium, from 22 to 25 grams, a large, from 26 grams and over, 
per 1000 kernels. A thin husk included grain containing a proportion of 
75% and upwards of kernel in the grain, a medium, 73 to 71% and a 
thick, up to 72 % of the average weight of kernel in the grain. Sub- 
divisions into, old and new; grain and straw; early and late varieties; 
also into open and one-sided inflorescence; and winter oats, were made. 

By arranging the analyses of the members of a group according to 
the weight of the kernel, a connection %vas shown to exist between this 
and other characters of the grain. For example in the case of the white* 
grains with a thin husk, it was shown that as the kernel increases in 
weight, the proportion of husk decreased, the oil and fibre diminished, 
while the carbohydrates, the yield per acre of grain and the proportion 
of grain to grain and straw increased. 

The grain of New Varieties are usually medium or large and contain 
thick more often than thin husks, 

A summary of the classification is given in Table X, p. 387. 

The kernel of Native oats was exceptionally rich in oil and nitrogen. 
It is a small kernel with an unusually thin husk, although the proportion 
of kernel in the grain is low. 

Oatmeal with a low oil and relatively high nitrogen content when 
fed to young pigs, produced a slightly higher daily increase in live 
• weight for the first three weeks of feeding, compared with the increase 
produced from oatmeal with a high oil and average nitrogen. From 
the fourth to the thirteenth week, the increase was in favour of the 
latter. 

The “mealing power” of oats, calculated from the “kiln dried” grain 
varied in proport-ion to the amount of kernel in the grain. Calculated 
from the “air dry” grain the yield of oatmeal was further modified 
according to the water content of the grain. 

The average water content of oatmeal at the time of milling was 
1*8 % at the end of 50 days in the months of June and July, it increased 
to 6-5 %. 

The proportion of water soluble (1) nitrogen compounds, (2) ash 
constituents, in a good sample of Scotch oatmeal, varied greatly from 
that obtained in an inferior sample, made from Plate oats. 

The proportion of germ (embryo) in the grain of four varieties varied 
from 2*6 to J'S %. It was rich in oil and nitrogen. 

The nitrogen in the chaff varied from 0*48 to 0*95 % and in the 
husk from 0*15 to 0*50 %, in the varieties examined. 

6. A connection similar to that which was found to exist between 
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the size and other characters of tlie -rain, in the case of vai'ietios. 
also found to exist, when cuitural eouditions was the cause alTectiuu 
the size of the grain. There was liowcver a difl'ereuce in the huter 
case, in that the oil content remainod statiotuny whilst the nitroiteii 
diminished as the size of the kernel inci eased. The water content in id 
the weight per bushel of the grain increased as the size ol tin- kernel 
increased. 

The close connection which appears to exist between the oiled of 
variety and that of cultural conditions on the size and ooinposinon of 
the grain is interesting, inasmuch as it is an indication that inanv of 
the strains of oats have come into existence by a process of selection 
based upon the size of the grain. 

Perhaps the point of practical importance is the fact that the viold 
per acre is associated directly with the average size of individual strains. 
The larger grain gives the greater yield, weight jier bushel, and propor- 
tion of kernel. The production of straw varies iu'the o])posit.e direction 
to that of the yield of grain. 

Notwithstanding the lower nitrogen content, tlie vield pei' a.cn‘ of 
nitrogen for the heavier grain is greater, so also is the total \'ie]d (d' 
food units, although the larger grain contains slightly more water. 

7. The influence of varving cultural conditions a])o!i out cliarirt ns, 
as shown in the present expeiamenls are summarised a.s follows; 

Season, covering a period of nine years, ])roduced comparatively 
little change in the composition of the grain. It was less tlian tliat 
produced bv growing the crop on land, which inn! been umb'r i)crniancii( 
pasture for a number of veais and newly jiinnghed up. cuin])<oed witli the 
crop grown on land under ordinary aralde cultivation in the previous 
year. In none of the characters of tlie grain did the muximiini change 
reach more than about 1 1 % tiui'iiig the nine yisirs. 

Moderate dressings of nitrogen, or phos])hatic or jiotassic maiuircs. 
applied either alone or mixed, to land in an average state of fertility, 
produced even less effect than season upon the size and coni])osi(ion of 
the grain. 

Grain grown from seed sown in the month of daiiuary. on mi 
average, was a little heavier and cuntaini'd less husk tlian tin* giain 
produced from later sowings. The April stjwn seed yisddrd tliv lightest 
grain with the thickest husk. Although the ash diminisimd in tnc same 
order as the size of the grain, the other constituents of t lie grain did not 
show any marked variation. The residts covered t wo years expcriinctd s, 
but the yields of grain per acre were unrelialile, since t he early sown .orn, 
being ripe first, suffered more from birds and there weic. many blank 
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spaces. The average weight of individual plants was greater from the 
early sown seed. 

Locality, which embraces elevation, climatic and soil conditions, etc., 
w^ the cause of the greatest modification in the characters of the 
grain. In the course of three years’ experiments on farms situated in 
the west of Scotland, the maximum annual variation amounted to 
from 18 to 38 % for the average weight of individual grains; 37 to 
54 % for nitrogen ; 17 to 29 % for oil ; 17 to 35 % for ash and 21 to 
31 % for water. But if a comparison is made between the average 
composition of the grain of one year compared with that of another 
year, the variation is only slight. 

Compared with the seed corn, the average grain, grown at several 
centres in the south of England and Wales from Scotch seed, had a thicker 
husk, the average weight of individual grains diminished by about 23 %. 
the nitrogen content \vas higher by about 28 %, the oil remained 
unchanged, while the average grain grown in the same year at a number of 
centres in the west of Scotland varied but slightly from that of the 
seed corn. The period of grow’th in the former case averaged 126 days 
and in the latter 144 days. The nitrogen in the straw was 0-44 % compared 
with 0*31 %. 

When the period of growth was taken as the basis of comparison, 
it was found that a long period, which averaged 167 days, comprised 
all the centres at high elevations, irrespective of the type of soil. The 
grain w^as below the average weight and had a thick husk. It was rich 
in oil and the nitrogen was above the average. While a relatively short 
period of growt-h, which averaged 129 days, the effect upon the weight 
of the grain, and thickness of husk was in the same direction but more 
pronounced. The oil w^as low and the nitrogen exceptionally high. 

In the wTst of Scotland an average growing period round-about 110 
days indicates conditions suited best to the growing of oats. 

The data in connection with the relative susceptibility of varieties to 
change did not allow of very definite conclusions to be drawn, except that 
the old Scotch varieties are less susceptible to change in this climate than 
the newer varieties. The percentage variation for several varieties is 
given in Table XXIV, p. 402. Compare also analyses of New Abundance 
and Banner grown in Canada, p. 405, with that of the same varieties 
grown in this country, pp. 382 and 383. 

8. Grain characters subject to greatest variation are the average 
w'eight of individual grains, and the nitrogen content, while the oil. 
water, ash and the proportion of kernel show a less but yet a considerable 
variation. 
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9. The proportion of whole grain, woe.l seeds, ete. va. ied <-.n^sideraldv 
in the samples from the different farms. It is suggested that the i hivdiin'- 
and dressing of the grain is the main cause of this. 

10. Analyses of samples of grain of iinjHntod oats aniviim in (.'l.-is.-ow 
over a period of two years were made, ('oiupared with h<„ne -rnUm 
oats the grain is drier, snmller, contains a thick Inisk. is nch in nit rooen. 
and oil, and has a low weight per bushel. The kernel eontaiued moiv hbre' 

Of the imported oat.s, the grain grown in tlm mnisfer ami cooler 
climate of Manitoba was the larger and heavier per bushel. The nrowmg 
period varied from 100 to 110 da vs. 

1 1. Data relating to the composition of the straw was unfurt iin.-nuly 
incomplete, except in so far as the composition was intliiem'cd bv the 
stage of growth. 

In conclusion the author wishes to express his flianks to Mr INUrr 
Caldwell who carried out by far the greater })urt of tlte anaivtical wurL 
and to Miss J. Dawson who carried tlirongli all llte mechanical aiialvses 
of the grain. 


APPENDIX, 


Table XXVIlJ. 


This Table shown (he percentages oj (he const itaenis in the (irg matter of 
the kernel and of the stra w al the different slajies ofifmtrfh. 

Ki'Piiol 

July .Au^nist 



20tir 

24t!. 

27 Ih 


3nl 

7il» 

Hull 

nth 

Dry’ matter 

... :'.v3 

33-8 

38-0 

430 


.7.7 1) 

titl-l) 

ti. 1 1 

Nitrogen ... 

... 2-00 

241 

2-lC> 

MU 

1-S!I 

2-u3 

2-13 

1 -00 

Alcohol extract.’''... 

... 14-2 

748 

a-Oa 

4-8‘l 

3-24 

3-23 

3-2-1 

2-77 

Ether extract 

... 10-22 

ll-sO 

1 1 -.7.'. 

m -->2 

0-7.7 

S-i»(l 

7 84 

7-03 

Ash 

... 3-o-t 

3-00 

2-aS 

2-34 

•.’33 

2-23 

2-13 

2-IX 

Phosphoric acid, PaDj 

... 1-40 

1-34 

1-21 

1-1(1 

los 

1 07 

l-IIS 

Ml 

Potash, KjO 

... 144 

112 

O'Ol 

(l'84 

0-S3 

0-77 

fl-73 

t)-()S 

* Includes sugars. 

The alcohol extraction wa 

,s made 

fi'uin tlic 

‘ Kain]il( 

! \vlii''h III 

ml 


hfien previously cxtracteil with ether. 


Dry ma-tter 

... 2(5-7 

27-5 

Nitrogen 

... 0-.7iri 

()-.742 

Ether extract 

... 2-.78 

2-80 

Crude fibre 

... 32-8 

32-8 

Ash 

... f7-49 

0-31 

Phosphoric acid, P^Oj 

... 0-290 0-2.70 

Potash, K4) 

... 103 

0-88 


Struw 


27-7 

2H-.7 

27 -y 

28-S 

30-7 

3 18 

0-420 

0-370 

0 317 

0-293 

0-2.70 

l).200 

2-70 

2-.71 

3- 1 0 

2-07 

2-74 

2-00 

32-.7 

33-.7 

37-1 

40-.7 

414 

43-0 

O-OO 

0-.7(,l 

0-40 

Ci-Ol) 

0-27 

0-03 

0-2.73 

()'234 

0'2t0 

0-210 

0- 1.7.7 

(MOl 

0-81 

0-80 

0-9.7 

0-87 

0-94 

O-OH 
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Table XXIX. 


Month 

Rainfall 
inch es 

Rainy days 

Mean 

temperature "F. 

Hours, bright 
sunshine 

January 

3‘78 

)9 

38-7 

31-2 

February 

3-39 

18 

38-9 

50-3 

March 

3-06 

18 

40-7 

94-5 

April 

2-47 

16 

44-4 

133-2 

May 

2-50 

17 

50-2 

1635 

June 

2-13 

13 

54-8 

182-2 

July 

2-98 

16 

57-6 

168-4 

August 

4-07 

19 

57-2 

1.35-6 

September 

2-88 

15 

53-3 

114-3 

October 

406 

18 

47-7 

71-2 

November 

3-82 

18 

41-8 

42-2 

December 

4-29 

21 

39-6 

24-2 

Yearly average, 

1902-18 ... 

39-43 

208 

47-1 

1212 


Table XXX. 

Soil 

Subsoil 


% 

% 

Mechanical analysis 



Fine gravel 

10-7 

9-8 

(,’oarse sand 

26-8 

25-3 

Fine sand 

28-7 

29-7 

Silt 

20-2 

15-4 

Fine silt ... 

6-3 

13-9 

Clay 

7-3 

5-9 

Chemioal analysis 



Moisture... 

50 

4-6 

Loss on ignition... 

13-4 

101 

Nitrogen... 

0-38 

0-24 

Carbonate of lime 

0-22 

O-IO 

Phosphoric acid, PjO^, total 

0-23 

0-20 

„ available 

0025 

0-016 

Potash, K^O, total 

0-26 

0-24 

,, available 

0-011 

0009 


WattT Ic'verabout 40 inches below the surface. 


{Received December 'I'lnd, 1919.) 



MODERN METHODS FOR EXPElHMKXTS \\V\'\\ 
FERTILISERS AND MAN UR FS 


By PRoyES^^OR JOHN SE15KL1EX. 

[The Chemical Laboratvrif of tht’. AyriculturoJ i' nitYi-.sitij, .lox. Sunnifi.) 


Even an amateur in agricultural science will admit that imwiulavs tln' 
fertilising effect of a substance cannot be tested niereU- Isy adding the 
substance to the soil and inspecting the resulting crop, 'rins is imt an 
experiment^ it may give rise to an observation, but not to a conclusiini. 
The production of the crop is connected with ^ he fertilising proct^ss as 
a post hoc, not as a propter hoc. 

A real experiment for the study of a fertiliser problem must, like 
most other expei-iments, be comparative. If we wisli to know the effect 
of a fertiliser on a crop, we. have to compare the crop pnaluced on an 
unfertilised plot of soil with the crop from another plot, identical with 
the first one in all respects except the supply of the fertiliser m (piostimi. 
The recognition that this is an indispensable condition lor the rational 
arrangement of an experiment marks the commeiuvment of scientitic 
research in this branch of agriculture. Therefore the fnxjieriments at 
Rothamsted form the classic model of agi-ieulturul e.\pi'riment.s. They 
were the model for the similar experiments at (;o])enhag(‘M, at Aas in 
Norway, at Grignon in France and other places on the continent. 

The method of field experiments presupposes a complete homogimoity 
of the whole field, of which the different plots are to be eompared. But 
here indeed arises a difficulty. If we set out several trial plots on a 
field, and treat them all in the same way, we sliall never got agreement 
in crop yields from them. The difference may he (piite surprising, it niav 
rise t# more than 100 per cent. But if this ,s so, it is ol.vious tliiK Hi.-, 
basis of the. Held experiments is failing. If frmn a terlilised |)lo( \vi' uet 
more crop than from an unfertilised, we shall never be certain wlndfiei 
the excess is an ettect of the fertiliser or if it is due to the oneiiin) diller. 


ence of the two plots. , *1 

We know that at Rothamsted the soil of the trial (n'lds is foriiiiiateh' 
extraordinarily homogeneous, and ot eourse tliis iiiii\ li.ip|« n too in 
other localities, but we liavc no guarantee, and ui inaiiv e«, mines il. 
would be impossible to set out a .series of nniform trial plots ol agreeing 
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uniformity. And even at Rothamsted we see from the account given by 
Sir A. 1). Hall in his book of fertilisers and manures p. 361, that two 
un manured grass plots, for \vhich the relative yield on the average of 
all ^mai’s from 1856-1905 differed 10 per cent., aho\ved in one year a 
difference of 196 per cent., in another year a difference of DO per cent. 
The probable error of 50 years mean is db 1'9 per cent., but series of 50 
years experiments are exceptional, and even if we had more, the method 
is too slow^ At Aas in Norwmy the late agricultural chemist, V. Dircks, 
laid out some trial plots for fertiliser experiments on a held during the, 
years 1869-1880. The two control-plots, which during the whole period 
remained without any sort of manure, gave on the average relative 
yields of 100 : 120. 

It therefore seemed reasonable when Paul Wagner of Darmstadt 
about 40 years ago pr^iounced the field experiments valueless as a 
scientific method of research. The pot culture method developed by him 
to a high degree of exactness was for long regarded by many iuve.stigators 
as the best way to ascertain the value of any fertiliser. And although the 
writercaiinot accept the results Wagner himself has published the method 
will always keep its value for precision. Pot experiments have been used 
before Wagner, e.g. by Saussure, Boussingault, Sachs, Hellriegel and 
others, at Rothamsted by Lawes and (Gilbert, but more for purely 
physiological researches than for agricultural purposes. The earlier 
investigators generally used water nr pure sand in their pots, Wagner 
used natural soil from the field. His purpose was to substitute the 
heterogeneous field plots by a series of pots, all filled with the same 
natural soil, so that they were all strictly comparable. Nevertheless 
there are problems connected wnth fertilisers, which cannot be solved 
by pot-experiments, and at all events the results of the pot-experiments 
have to he confirmed and controlled by field experiments. To improve 
the method of field experiments it has been proposed to make the plots 
so small that they can be repeated several times, say four or five, over 
^tlie field. Wagner himself was urged to adopt field experiments, and he 
drew up a scheme as the following : 


1 

j 1 

^ 2 

i 3 

4 

1 

; 5 

1 1 

, 1 

2 

3 ! 

i 

1 ^ ^ 

1 ^ 

i 1 

L_... 

2 

: 3 

1 . ' 
L_ J. 

5 

1 i 

■ 1 


The duplicate plots here lie far from each other, spread over the field, 
to allow^ for the inequalities of the soil: on an average of all the similar 
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plots, the inequalities should be smootliod o\it. Vov special taises \\w 
scheme may be simplified. Tf the question is to irv a potassiiuu fertiliser 
(K), the scheme can be reduced as follows; 


0 I NP ^'PK 

'1 

NP j NPK 0 

NPK j 0 NP 

N signifies a nitrogenous substance, P a phosphatic fertiliser, () the 
quite un manured plots. 

This may be an improve merit, but Wagner may be right in claiming 
that even this will not make field experiineitts satisfactorv for I'xact 
scientific researches. 

But if some plots give surprising results thev must not he exeliidt'd 
from the average. 

Lately another Oei'man author, Professor Ehveuberg, at fuittingen, 
an investigator of great originality and honesty, has pi'oposed that every 
field experiment is to be prepared with a confrol experiinenl, in wiiieii 
all the plots should be treated for a wliole year (exact Iv nnifomily 
without any sort of manure. Only if the crops from all the j)l((ts agree, 
can the field be accepted as suitable for a further com pa rati vi‘. expen- 
rneiit, I think that it will be rather difficult to find many fields which 
will stand this test, at least in hilly countries. 

A wholly different principle for field experiments has bium given by 
the late Professor Bastian Larsen at tlie Agricultural University at Aas 
in Norway. The heterogen ity of the soil is regarded as a thing to lie 
recognised and not evaded. The variations of the, soil are in(>asuTed hy a 
great number of control plots adjacent to each of the trial plots, as 
will be seen in the following scheme : 


A 

0 

: B 

C 

0 

A 1 

i 

; 0 ! 

\ 0 

0 

i A 

B 

'' 0 

i 

B 1 

0 

j '■ 

A 

B 

C 

0 

' A 

\ 

\ B 

L 

0 

C 

A 

\ 0 

I 

0 

A 

B 

0 

lA- 

A 

0 

j 

B 

: c 

! 1 
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There are set out 36 plots on the field. Of these the 12 plots 
marked with 0 are controls without manure. A,B,C are the trial plots 
treated with fertilisers in different ways. We suggest here four parallel 
plots of each treatment, and a series of three different treatments, e.g. 
A — nitrogen only, B — nitrogen + phosphate, G ^ nitrogen -f phos- 
phate 1 potassium. But of course we may extend indefinitely both the 
number of the parallels, and the number of the ways of fertilising. In the 
centre of the field every one of the manured trial plots is surrounded bv 
three unmanured controls. For each of the trial plots the surplus of its, 
yield over the average yield of the three adjacent controlling plots is 
calculated. 

This method originally developed by Bastian Larsen for the compari- 
son of different varieties of plants, is of course equally applicable to the 
study of fertilisers, Ev^n if the different parts of the field lack uni- 
formity the disadvantage will be annulled by the great number of con- 
trolling plots. Even if the three controlling plots adjacent to a trial 
plot should give yields so divergent that under other circumstances w^e 
should condemn them as useless, we can nevertheless compare their 
average with the yield of the interjacent trial plot, because the yield of 
the trial plot, if it had had no manure at all would probably agree with 
the average of the three adjacent controlling plots. At all events it is 
evident, that the faults arising from the inevitable heterogeneity of the 
soil, will by this “differential method” diminish with the number of 
the controlling plots more than in any other method. Furthermore the 
repetition of each plot helps to level the differences, and the more we 
can multiply the series of consecutive plots over the field, the nearer 
shall we get to a true average. The mean error of the results is obtained 
from the parallel differential values by the method of least squares. As 
to the size of the plots in the field experiments there are great diver- 
gencies in the opinions of the authors. Sir A. D. Hall proposes a size of 
^>^acre — 2ar., Wagner proposes 1 ar., another German experimenter. 
Professor Mitschcrlich, 0-5 ar. as the best size of the plots. In 1897 
Professor R. Tjarsen compared the yield of grass from a field of 20 ar., 
which he divided cither in a few large or in many small plots. He 
found the following connection betw’een the size of the plots and the 
mean error of the yield : 

1 ar. i ar. i ar. at. ar. 

Mean error ±11% ±743% ±5-07% ±342% ±3'05% 

According to this the greatest degree of accuracy is given by plots of 
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the size ar. each, i.e. ;n5-75777 l^i'acTical roasons hn\v»‘vor 

plots of ^ar., i.e. ^^enerally used in Noru-cjiiaii tiold 

experiments. Larsen’s experiment was made on ^n’assland: arable eirps 
iiiigbt have given a difierent result for the most eonvenient size of phits. 
Probably the result will be influenced by the soil, the climate and other 
local circumstances. 


[Received May ith, 1920 .) 



A QUALITATIVE TEST FOR SOUR SOILS. 

By NORMAN M. COMBER. 

{Department of Agriculture^ The University, Leeds,) 

Since the publication in 1914 of the results obtained by Daikuhara(2) 
in an investigation of certain acid soils of Japan, considerable promi- 
nence has been given in the literature of Soil Chemistry to the presence 
of iron and aluminium salts in the solution of sour soils. 

ITarris{i) had demonstrated the possibility of aluminium being 
removed from the relatively non-reactive part of soils and kaolins, and 
then to be held in such a manner that it is practically resistant to water, 
but is partially and appreciably interchangeable with the cation of a 
neutral salt. The occurrence of iron and aluminium salts in certain pine 
forest soils, which have been covered with “raw humus,” is described by 
Kappen(5, 0), and Spurway (T) has discussed the diflerent ratios of easily 
soluble calcium oxide to iron and aluminium oxides which obtain in acid 
and alkaline drift soils. A similar alteration in the ratio of the oxides 
of calcium and magnesium to those of iron and aluminium, accompanying 
an alteration in reaction, has been shown by Howard (li) in some soils of 
the Rhode Island Agricultural Experiment Station. 

The value of the analytical data respecting the causal association of 
iron and aluminium salts with soil acidity is greatly enhanced by the 
work of Hartwell and rembcT(y, lO) which demonstrates the similar 
effects of aluminium sulphate and the extracts of acid soils on (he growth 
of plants, and the dissimilar efiects of sulphuric acid and either the 
aluminium salt or the soil extract. 

The consistent indication of the above-mentioned work is towards 
the following general conceptioTi. The soil reactions (to discuss the nature 
of which is no part of the present purpose) make on the reactive part 
of the soil a demand for bases. This demand is normally met, in most 
soils with which we are acquainted, by calcium and magnesium com- 
pounds ; but it is met by less suitable compounds of iron and aluminium 
when the supply of available calcium and magnesium compounds is 
temporarily depleted, and when the soil solution, befng no longer basic 
in reaction, can admit iron and aluminium by ionic interchange. 
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The association ot alumimnm witn rue ■'sourness" of the mediuni of 
plant growth seems to find further support in the work of Stokiasn iS'. 
This investigator has shown that aluinininni oemirs in relativt'iy hirge 
amounts in the Hydrophytes, whose habitat will generally be more sour 
than that of the Xerophytes which contain only small traces of alumi- 
nium. It would appear here, that plants which normally grow in wet 
^places are acclimatized to the effects of aluminiuin. 

If it is generally true that in sour soils the cati»>ns iu the soil solnhou 
, replace iron and aluminium from their salts absoihed in the rem-tivo 
"surface of the soil particles, then any sour soil when treated with a mnitrul 
solution of a potassium salt, may be expected, in the eNrhang<| of 
cations, to give up some amount of iron to the solution, li tlie potassi\im 
salt used is the thiocyanate, the fact of iron going into solution cun he 
qualitatively ‘demonstrated forthwitli by the appearance of the red 
colour of ferric thiocyanate. 

Tn quite another connection, the writer recently luni occasion to 
apply a solution of potassium thiocyanate to various soils of known 
character, and it was incidentally noticed that the red colour appeared 
onl\^ when the solution was applied to acid soils. Tlie solution afiphed to 

non-acid soils remained colourless. 

In furtherance of this observation six soils which had lieen Ound 
bv the Hutchinson-MaoLemiaTi method not to absorb calcium biear- 
bonate were taken at random from the departmental soil stores, together 
with six others known to have lime requirements winch liad been 
„,ined^ bj- tlK, .san.e method to be O-OS (ye. 

0-17 per cent. CaCO^ respectiv-elv. About .-.1 pm. ot 'y g. 

.soih were placed in te.t-tube. .and about .7 c,c. of a ^ ^ 

potassium thiocyanate were added. The P , 

L soils havmg a lime requmement was found P'" 

an hour, while no trace of pink colour was seen m tin > ^ ^ 

even after standing for three weeks. In two <ases (thos witl. I.me 
:::::i:lts m 0.0l and 0.06 per yco, the ,y h colmm wy .y 

apparent at first and. while indubitahl> |ncs. u ■ • ■ 

nounoed after an hour. The test was hercfo.e t ' 
twelve soils using an akoliohe. solution of pot.i-Muin 

■ Most of the soils referred to in this piper had y"’ wril.-.'. 

whom the lime requirements h.g boon ,|„.,rililalivo 

dispusol. The results are taken ere y “'y. p.,rti™l»r opimon that imi.v >>e h'dd by 
rllttc, tor there is no inlenticin of impljmi, ■ n. I 
the writer, or by his oolleagiw, of their qaanUt-ativc meamn,. 
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it wai? expected, on botli physical and chemical grounds, that the con- 
centration of the ferric thiocyanate in the liquid phase would be in- 
creased by making this alteration. A great improvement in the delicacy 
of the test resulted. In five minutes all the soils had settled leaving 
clear solutions which were emphatically red or pink over the soils 
deficient in lime and quite colourless over the remainder. 

In further confirmation of the test thirty -six soil samples were taken 
at ratidnm from the above-mentioned collection of Yorkshire soils. 
Twelve showed no lime requirements by the Hutchinson-MacLennan 
method, and twenty-four showed lime requirements varying from 0-03 to 
0*30 per cent. CaCOg. These were tested with an alcoholic solution of 
potassium thiocyanate containing 40 gm. thiocyanate in a litre of 95 per 
cent, alcohol. Distinct pink or red colours obtained ^n those solutions 
which were in contact uith the soils capable of absorbing calcium bicar- 
bonate, while the remainder were quite colourless. 

The test has subsequently been applied to various soils brought into 
the laboratory for examination in respect of lime requirement, and has 
correctly predicted in every case whether or not the soil would absorb 
calcium bicarbonate. 

Altogether over 70 soils have so far been examined by the thiocyanate 
test, and without exception those w hich absorb lime have been identified ; 
indeed, one soil, stated to have a lime requirement of 0-035 per cent. 
CaCOg, gave no pink colour with the thiocyanate, and this led to the 
discovery of a clerical error whereby the soil bad been wrongly described 
as having a lime requirement. 

Ammonium thiocyanate in equivalent amount is much less sensitive 
than the potassium salt. This, of course, would be expected from van 
BemmeleiTs* observations of the relative rates of exchange of ions 
between hydrous silicates and solutions. Both the ammonium and 
potassium salts are much less sensitive in aqueous solution than in 
alcohol. An alcohol- ether solution of thiocyanate is much more sensitive 
than an alcoholic solution, but the latter gave a satisfactory indication 
in the cases examined. An alcohol-ether solution is useful for border- 
line cases. 

It is concluded that if 2-3 gm. of a soil are placed in a test-tube and 
vigorously shaken with about 5 c.c. of a concentrated alcoholic solution 
of potassium thiocyanate, the development of a pink or red colour in 
the solution, which increases on standing, will indicate, qualitatively, 
a deficiency of lime in the soil. Jf the colour is very faint it may be 
more easily seen after filtering. A definite alkalinity of the soil may be 
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confirmed by adding a few gm. of tbc soil to an alcoholic solution ot 
thiocyanate which is rendered slightly pink by a trace of ferric thiocva- 
nate. The pink colour will be removed if the soil is a Ik a hue. 

'The reaction involved in this test is essentially an ('\cliange of ions 
and not an^ordinary dissolution of some soluble iron conipouml. 'riiis 
was shown bv taking some of the soils which gave a colour with ai|ue(>us 
thiocyanate, shaking them with water for five minutes a ml then liltcrmg 
tiic solution into a test-tube containing tliiocyaiuUc crvsiaU. No pink 
OT red colour developed. 

The colour of the ferric thiocyanate in the solution ov<t ilie soils 
deepens visibly for about 48 hours, and the final eiiinlibrinin is prohabiy 
only established after a much longer period (sei* hein ingen, 

Zeitsek. 1916, 19 , t65). But it is clear that even alter eipnhlu'imn is 
finally established, the colour cannot be used as a eoiupnrative measure 
of the lime requirement of different soils: for only iron is identified in 
this teat, in a mixture of iron and aluminium in proportions whieh will 
vary from'oue soil to another. Other reasons also preclude a i plant native 
interpretation of the colour. On the same soil Imwever the test iua\' 
afford useful indications of the variation of aciditv. Ihvo cases mav be 


quoted in illustration. * 

The thiocyanate test was applied to soil samples taken from dillcnmt 
parts of a field on the Leeds Universitv harm at CaHuith. and one aica 
\vaa found by the test to have no lime reciuirement. ’Plus was aftorwao s 


identified with the place of a chalking eNponment m i.u i, 

In another instance a bare patch on one, of the finversitv lawns in 
the citv of Leeds was sampled, and s.-parafe samples were eone.-ie.l 
from the. soil 0'-3" from the surface, fi" fro,,, ll,e s,„f„,;o 
fret, the surface. Treated with aleoholie tfeoeyaoate solul.oo, ihe s", 
of the top 3" immediately iuduced a ,ed i-olm,,' ihe hmi io„. 
the samples from greater depths d,d not. A r,,lu,iiii ol t, y''’y 
which the surrounding soil had been dug a«ar. ".is 

half-inch layei'S, by means of a nieki'l spatula, lo a . ep ^ 

soil from each of the five layers was ttstwl «,tli a ,o, . J , 

solution. The soil of the top half-rnch gav,. an opa,|,,r ,1 ^ 1 
to the solution immediately, the ne.st layer ga'" a "< ; 

laver a pink colour, and the re,na,.,der gave no 

was thus shown to be intcnsivelv conhm-l to 1 sm iaw 1, , 
a circumstance easily correlated wiih snmvc 


JouTn. of Agrie. Soi. x 


-28 



424 


A Qualitative Test for Sour Soils 


BIBLIOGRAPHY. 

(1) Harris, J. E. Journ. Pkys. Ckem. 1914, 18, 35/5. 

(2) Daikuhara, G. Bull. Imp. Cent. Agric. Exp. SUi. Japan, 1914, 2, 1. 

(3) Ruprecht, R. W. Mass. Agr. Exp. 8ta. Bull. 161, 125. 

(4) Miyake, K. Journ. Biol. Chem. 5, 19, 335. 

(5} Katpen, H. Landw. V ersudis-Stai. 1915, 88, 13. 

(6) Ibid. 1916, 89, 39. 

(7) Sfurway, C. H. Journ. Agric. Bes. 1917, 11, 659. 

(8) Stoklasa, a. Biochem. Zeitsch. 1918, 88, 292. 

(0) Hartwell, B. L. and Pember, E. R. Boil Sci. 1918, 6, 259. 

(10) Journ. Atner. Soc. Agron. 1918, 10, 45, 

(11) Howard, L. P. Boil Bci. 1919, 8, 313. 


{Received ISth May^ 1920.) 



THE FLOCCULATION’ OF SOILS. 

By NOKMAN M COMBER. 
{De'parimenl of AgricvJf }ne., Ihe Unirer.^itij of Jjtrds.) 


The flocculation of small soil particles by the action of litnc is ihoronj^hly 
established in practice and very incompletely iniderslood m (he«ny. 
The many investigations of the phenomenon which are recorded indicate 
that it is akin to the coagulation of sols by the arlion of (dectmlytes; 
and it can hardly be doubted that the ilocculation of clay i.^^. at least 


partially, a colloidal change'. 

Hall and Morison^ made a quantitative investigation of the clearance 
of kaolin .suspensions by electrolytes, but failed to coi‘relat(‘ their r(‘snlts 
with the ‘‘'Valency Law'’ which was verv proniinetil in tlie literaturi' 
of Colloid Chemistry at that time. In this failure the Rothnnisted in- 


vestigators have been abundantly justified, for the \iih‘t!c_\ Law. <>■'> o 
law, Ls been placed out of court. The attempt to establish tins law, m 
which the coagulating power of an ion was regarded as a function of its 
valency, was made in accordance with the concept that coagulalmn hy 
electrolytes was solely and simply due to the neutralization of a stain- 
electric charge on the colloid, by a charge ol opposite, sign on tin ]>ic 
cipitating ion. The earlier experimental data published bv Ilurdyh 
Bodlanderb and many others, showed an appro.ximatc agreeimmt wit i 
the theoretical deductions of \Vhetham-‘, and a])))earfMi to gi\c some 
support to the proof of a Valency i.aw; hut more recent work lia,s 
revealed cases in which the relative precipita.iing ])OWf.i o ions 
even approximately in agreement intli the theoretical re.iiiircnicn , |>u 
forward by Whetham. It appeals that the absorption by the colloi.tal 
particles of the precipitating ion, is an important factoi in i ctnniiniiv^ 
the precipitating power of that ioii^; and this ab^oqition is, a.s 
we know, specific for any given caseb 

1 Pickering has advanced a different explanation. Sf c I . H ' ^ 

2 Joiirn. Agrk. Sci. 2, Part 3, 244. ' 48, 47 1 

* Jahrb. Mineral, 1893, 3, 147. ’ 

« See Uwis, A System of Phys. Ckm^ 1918, E ^ 

’ Bancroft, W. D., Journ. Phys, Chm, 191y, 19. dW. 


2 



426 


TJie Flocmlation of Soils 

In any attempt to correlate the flocculation of soil particles with the 
established facts of Colloid Chemistry, attention must be given to the 
complications of the soil system. There are two obvious causes of com- 
plication, each of which will have an important bearing upon the action 
of electrolytes on the soil. First, the soil particles are “protected” by 
organic and inorganic colloids: second, the soil is a systrem of particles 
of all sizes. These two facts alone forbid any straightforward comparison 
of flocculation in the soil with coagulation in a simple suspensoid sol. 

It was thought that further evidence on this subject — and there- . 
fore on the physical constitution of the soil — might be forthcoming 
from an investigation of the effect of alkalinity on flocculation, for 
some colloids, silicic acid for example, behave differently from most 
suspensions when flocculated in alkaline solution. The following experi- 
ments were therefore carried out in order to examine the flocculation, 
by calcium salts, of neutral and alkaline suspensions of clay, silt and 
soils. 

ExferimeniaL 

The following soils and subsoil were used in these experiments: 

(1) A Clay Soil. A drift soil containing 30 per cent, clay. 

(2) Peat Mirea. A silt soil from the Leeds University Farm at 
Garforth, containing a large amount of organic matter. 

(3) Field 113. A typical silt soil from the University Farm con- 
taining 7 per cent, coarse silt, 14 per cent, fine silt and 4 per cent, clay. 

(4) A Palaeozoic Silt LoanA from Esgair Heulog, Eglwysbach, 
Denbighshire. 

(5) An Anglesey Mediyyn Loam'^ from Cefndu Mawr, Gaerwen* 

(6) Field 112iV. A light soil from the University Farm containing 
10-5 per cent, coarse silt, 8-6 per cent, fine silt and 2-5 per cent. clay. 

(7) FieM 27i4.. A heavy soil from the University Farm. 

(8) A Clay Subsoil taken during drainage excavations in the grounds 
of the University. 

Glass apparatus used for flocculation experiments was previously 
cleaned with chromic acid. The test tubes used were all of the same 
size — 20 c.c. of water formed a column of the same height in each. All 
experiments have been made in duplicate at least. 

1. (n) A preliminary observation on the relative stability of clay in 
neutral and in alkaline suspension was made as follows. 10 gms. of a 
clay soil were stirred with water in a beaker and allowed to sediment in 

* These soila were kindly supplied to the writer by Mr G. W. Robinson, University 
College of North Wales, Bangor, 
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a column of water 8*n cma. high, as in tlie mocha uicat a na.lv sis of soils 
except that the soil was not previously treated witli aeid and no 
ammonia was added. After 2-1 hours the clay suspension was doeanied, 

50 c.c. were placed into each of two stopjunvd cylinders of 1 incli 
diameter. To the contents of one cylinder (A) 1 c.c. of A* NlCOll was 
added, and 1 c.c. of distilled water to the contents of the other (B). To 
each was then added 1 c.c. N CafXOg);,. 'Die cvlindcrs were siiuilarly 
shaken by inverting five times, and were then allowed to stand in 
.uniform lighting. After 10 minutes floccules could he seou in A hy ine.ois 
of a lens, hut not in B. After 1 hour tim difference was visihlo to llic 
imked eye, and in I j hours, when flocculation was just comiucncing in 
B, the far superior flocculation in A could he seen at a ghuu'c. 11 ns 
experiment was repeated with the satnc soil which had hcen trcati'd 
with 0 per cent. HCl, washed, and dried in the oven: it was a Iso mpcnind 
with the treated and untreated soil, the cylinders being k'cpt in a e‘losr.l 
thermostat at 18° C. Tn all the.se reiictitions tlie results were sub- 
stantially the same. 

(&) 10 gins, of each of the soils, and of the sul)siiil. cmiincratcd 
above, w^ere allowed to sediment for 21 hours, without previous treat- 
ment, and without the addition of ammonia, in a. column of watci 
8-5 cms. high. The weight of residue obtained Iw the cva.]mration nf an 
aliquot portion of each of the deranted suspensions was chtenmned 
and the suspensions were adjusted bv dilution tocontam SO mgms. nfsohd 
in 100 c.c. Bifteen c.c. of each of the c(iiializc<l susjicnsioiis were ])ipclte.d 
into a series of eight medium-sized test tubes (('} and aimtlicr b» r.c. 
of each into a similar series of^iglit test tubes (l». To tin. cunt e, it s of 
each tube in scries C, 1 c.c. Ab'l NH4OH was addi‘d, and 1 c.c. ot disldlnd 
water to each of the tubes in series T). The contents of tlie lubes wmr. 
mixed bv inversion, 1 c.c. A^/5 Ca,(N0,), was added to icicli of tl.c 
16 tubes, which were again inverted and allowed to sland m a ctosnU 
thermostat at a temperature ol 18° C. hxccpting tlic l a..oM/.uu > 1 
Loam and the Anglesey Medium I.oam., the contents of the tube, m 
sei-ies C flocculated before their respective part mas in sene. . a 
scries C flocculation was clearly visible in the suspen^ons 
soils after 2 hours, but only commenced m sciics .1 01 ^ • 

The suspensions (rom the Welsh soils l.e,n. to loeenin e . ■ 

and iZ was little on no d.ffe.-ence heteoen (he alkahoe a,nl 
suspensions. (The beginning of flocculation "as reeon u . ■ 

floccules were visible in a tube, a control senes coatimnng no (wlNOi,), 
being used for comparison.) 
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(c) In order to ascertain whether variation of alkalinity had any 
effect upon flocculation, a series of seven tubes each containing 15 c.c. 
of a clay suspension was arranged, and NH^OH added in amounts 
varying from 0 in the first tube to 5 c.c. N NH^OH in the seventh. The 
volumes and heights were equalized Tsvith distilled water, I c.c. iV/5 
Ca(N 03)2 added to each tube and the tubes shaken and allowed to 
stand. The alkaline suspensions all flocculated before the neutral sus- 
pension, but there was no appreciable difference between one alkaline 
tube and another. 

(d) In order to examine the effect of reaction on a less highly dis- 
persed clay system than those described above, 0*5 gra. of a clay subsoil 
was shaken in a te.st tube with 25 c.c. of distilled water, and allowed 
to settle for 2 minutes when the suspension was decanted and divided 
into two portions of 10 c.c. each. To one of these 0*2 c.c. iV^NH^OH was 
added and O’O c.c. Nju CafNOglg was added to each. The alkaline 
suspension flocculated forthwith and was almost clear in 5 minutes: 
the neutral suspension was still opaque after 10 minutes. 

(e) Hall and Morison record that the addition of acid or alkali had 
no effect on the natancy of suspensions of silica. Using Kahlbaum 
silicic anhydride, the present writer has also found no difference in the 
rate of settlement consequent upon alkalinity or acidity. But under 
the influence of calcium nitrate the difference due to alkalinity is most 
marked. Two portions of silica each weighing 2 gms. were placed in 
glass jars, and shaken, using a ground glass cover, with 75 c.c. distilled 
water. To one jar 1 c.c. N NH^OH was added and 1 c.c. N 

was added to each. The alkaline suspjfhsion flocculated in 10 minutes 
while the other was apparently iinafiected after 8 hours. 

2. The effect of the presence of small amounts of colloidal silica on 
particles was e.xamined synthetically. In one experiment 0*3 gms. of 
a sample of oxide of iron, in a very finely divided state, was shaken 
with 20 c.c. of water, and in another tube the same weight of the oxide 
of iron was shaken with 20 c.c. of a colloidal solution of silicic acid 
(freed from electrolytes by dialysis) containing 0-03 gra. SiOj in a litre. 
The suspensions were each divided into two parts cont»aincd in small 
test tubes. Usiug first the aqueous suspension 0-2 c.c, N NH^OII was 
added to one part and 1 c.c. Nj^ CalNOg)^ was added to both parts 
The particles settled similarly in both tubes and settlement was com- 
plete in 15 mitiutes: there was no appearance of floccules, the settlement 
being similar to tbe settlement of the oxide in water alone, without 
CafNOgfg. Using next the siliceous suspension, it was found that the 
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ammoniacal portion showed a definite and imniediute fornintion n\ 
floccules and settled in 7 minutes wiiile the neiitval susiainsion was 
opaque for 30 minutes. When the dilute silicic acid sol witlund unv 
suspended solid was used, no visible luecipitatiou resulted frum tlie 
addition of calcium nitrate in either neutral nr anuuoniacal solution 
even after standing for 3 hours. Very small amounts of silicic arid in 
conjunction wdth suspended niatter appear to cKcvt an important 
influence on the system. 

• 3. In order to observe the relative efleofs of livdioxide. bicatbnnate 

and nitrate of calcium on soil floeculatiou. a solution of cairium 
hydroxide was made up, with the usual precautions for excluding ( {).,. 
and its strength adjusted to A^/25, A portion of this solution was tluni 
converted into bicarbonate. Three similar suspensions of tlie. s\d>jcri 
of examination were prepared and treated l'es)>e(‘ti^'elv wltlt d c.c. of 
the Ca(OH) 2 , the Oa^KClOgjg, and a solution. Wlum 

suspensions, each containing 0-5 gm. of the clav sulisoil in Id c.c. water 
were used there was an immediate and marked llocciilalion ri'sullmg 
from the addition of the hydroxide, while the hicarhonatt' and nitrate 
produced much slower flocculation. The times of settlement of the clay 
in one experiment w’ere Ca(0II)2. 2 minutes: ('a(IUd).d,_,. I f nunntes: 
CafNOgja, 10 minutes. Simikrly with a clay drift s(m 1 the iivdroMde 
proved to be a far better flocculaut than the bicarbonate or nitrate. 

When 0*3 gm. of the oxide of iron suspended in do c.c. of the dilute 
silicic acid sol, as previously described, was treated with caicium hydroxidi' 
precipitation was immediate; with the bicarbonate ami nitrate it w.is 
very much slower. 

With a silt soil, the flocculation hy the liydruxide was viu v tnuch 
inferior to that of the nitrate or bicarbonate, W iien suspensions of soil 
from Field 113 made by shaking 2 gms. with lo c.c. water were used, 
the greater flocculation by the nitrate was a])i)!u-ent in Hi minnt.s, ;nnl 
became more apparent on standing. After 2 hours tlie nitrate. tnMled 
suspension had nearly settled while the iivdroxide rreat<*.d .snsfwn.don 
was still opaque. In pursuance of tins, hxp. 1 (<‘) icpe.ated using 
the fine silt fraction (unignited) separated by tlm ordinarv process of 
mechanical analysis in place of the clay. The neiitml suspension tfoeen- 
latcd in 15 minutes; the alkaline suspension remained opa-pie after :in 
hour. This experiment, both with fine .siit and \Mth chu . was n.]a ate^ 
very many times, and there was a.lways a strong and consisti.nt in 
dication that clay is most stable in neutral susiieiision (i.e, ne.a.r i s 
isoelectric point) wiiile the reverse is true of sflt. 
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5. It had been noticed in the course of these observations that the 
superior flocculation of a clay soil in alkaline suspension was more 
marked when the bulk of liquid for any given weight of soil was small, 
than when it was large. In pursuance of this observation experiments 
were carried out as follows. A series of eight test tubes was arranged 
with the tubes in four pairs, and 2 gm. of the soil under examination 
w^as placed into each of the eight tubes, 20 c.c. of water were then added 
to e^ch tube of the first pair, 10 c.c. to each of the second, 5 c.c. to each 
of the third and 2 c.c. to each of the fourth. One tube in each pair, 
then received 1 c.c. N NH^OII (the other receiving 1 c.c. distilled water) 
and each lube received 1 c.c. Njb Ca(N 03 ) 2 . The four volumes were 
therefore 22 c.c., 12 c.c., 7 c.c. and 4 c.c. 

When the clay soil was used, the difference between the flocculation 
of the alkaline suspension and the flocculation of the corresponding 
neutral suspension was distinctly greater in the smaller volumes than in 
the larger. The observation vs admittedly a difficult one to make as it 
is the observation (as distinct from measurement) of a second order of 
difference, but confirmation was found when the soil of Field 27^4 
(Garforth) was used. In the two smaller volumes (4 c.c. and 7 c.c.) 
flocculation was better in the alkaline suspension; in 12 c.c. it was 
slightly better in the neutral suspension; in 22 c.c. the neutral suspension 
was nearly clear before flocculation could be seen at all in the other. 
In the highly dispersed system the silt asserted its properties, while in 
more concentrated systems the emulsoid character of the clay prevailed. 

Discussion. 

The foregoing experiments show that alkalinity decreases the 
flocculating effect of the calcium ion on suspen8ion.s of silt. Calcium 
nitrate is a belter flocculant of silt wffien the suspension is neutral 
than when it is alkaline, and calcium nitrate is more efficient than the 
hydroxide. This result is qualitatively in accordance with prevailing 
conceptions of flocculation. It is generally held that particles in sus- 
pension are flocculated when their electric charge is neutralized and 
they arc thus brought to their “isoelectric point”; and, although the 
mechanism of the action is still very much discussed, it is known that 
the presence of hydroxyl ions increases the negative charge carried by 
particles suspended in water. Calcium ions and hydroxyl ions thus 
work in opposition, the former tending to bring the particles to their 
isoelectric point and thus cause their flocculation, the latter tending to 
increase their negative charge, i.e. to remove them from their isoelectric 
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point. The greater diffienltv of fioenil^ting rhe in the pivsenee 

of hydroxyl ions is therefore a fact whieli s(ni;ires with ciiiTt'iii fivii'lutej' 
on the mechanism of Hoccnlation, and fron.i the siundpu'ml of t!n> 
teaching the flocculation of silt, as examined in the expiniments desmin'd 
above, may be regarded as nonnal. 

The effect of alkalinity on the flocculation of clav. however, appears 
to present quite another case, for hei'e tiie presenee of fivdroxvf ions 
facilitates the flocculation by caleiuin ions, ('a lei urn nitrate is a pour 
* flocculant of clay in neutral suspensions, but after the addition of n 
trace of ammonium hydroxide to the suspension the ealeium salt tfoeeu- 
lates the clay verv rapidly. Similarly calcinm hydioxide is found to fie 
a much better flocculant of clay than a. neutral faleiinn salt. 

In endeavouring to estimate tlie signiticam'e of Uiese oppiisite elfeet.’' 
of alkalinity ou clay and on sill it seems important to take into eon^ 
sideration the general recognition of two classes of eoiloids. llrahatn 
divided his colloidal substances into those wliicli form coniponnd.s wifli 
water and those which do not. In most ol tlu* subseijuent sehenie.s of 
classification regard has been given to two groups wlm-h rongldy emmnde 
with those described by Graham. From [iiueh tlie, same vie.w ])oiiit as 
that taken by Graham, namely the aflinitv oi’ lael: i>f atiinity lu'tweeii 
the disperse phase and the dispersion niediuim Kremidhcli* and ctlims 
distinguish between "lyophilic" aiKrM>mpiiobic" roiloido.l 
Henri® discriminates between stable ami imsbilde (mlhnds; . 
describes gelatinizing types (colloidal solutions) ami ),on gclaliim mg 
types (colloidal suspensions). The classification ni (Isiwii t ■"!> v‘'>| 
Weimann^ who distinguish hetweoi ^'emnlsotd ami suspmiM.a ^ 
colloids is doubtless the most familiar, althmigh the attcin]fl ti» mav. 
it rigid by defining cmulsoids as iiqnid-lipuid s\stcitm am .u j 
as sofid^quid systems fails: ZsigmondyMor 
anomalous position of mercury sols and of ])iolcin( gn i 
from these definitions. All these schemes oi classmcation are _ 
than descriptive; but, while it may at present elm.e scum i n ‘ . 

and terminology, a manifest difierence exists, at ..w ) . 

between the gelatinizing, viscous colloids- such as -I-;' 
gums, which are not easily coagulated bv 
Te.adily able to absorb water -and the iion-mhitmizi ig. 


’ Ka^^iUarcMmie, I90f>. 

3 Journ. Amer. Chem. .S'oe, 190;>, 2, 8a 

* Orundrisa ^hf KnUoirIcJmnir, 

* KolloidcMmie., 1912. 


'i /Aihch.fitr pfnj. Chno. 51 . U'- 
5 d<r lh:^prmH<khm,‘, 19li 
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such as the metallic sols, which are rapidly and easily coagulated and" 
which exhibit no marked tendency to absorb water and swell. For 
our present purpose we may tentatively distinguish between these two 
groups, using the prevalent terms “emnlsoid’’ and '‘suspensoid.” 

Now the enhanced flocculation of clay brought about by alkalinity 
of the medium of suspension has no analogy among the suspensoid 
colloids. The suspensoids appear to be invariably precipitated at, or at 
an)^ rate near, their isoelectric point, and the precipitation of negatively 
charged suspensoids and suspensions is hiiidered by the presence of 
hydroxyl ions which increase the negative charge. Among the emulsoid 
colloids, however, there is less uniformity. The electric charge appears 
to be more accidental and less characteristic, and in some cases it may 
be reversed by altering the reaction of the medium. Among these 
“gelatinizing,’' “viscous,” “lyophilic” colloids may be found some 
which, like day, are more easily precipitated from alkaline than from 
neutral solution. Flemming^ found the rate of gel-formation of silicic 
acid was greatest at a small hydroxyl ion concentration (although the 
sol appears to be electrically neutral at a small hydrogen ion concentra- 
tion) and it is easy to show that pure dialysed silicic acid is precipitated 
very slowly by calcium or barium chloride, but is immediately pre- 
cipitated by these salts if a trace of ammonium hydroxide is first added 
to the sol. Egg albumin and some other emulsoids behave in a similar 
manner. 

It seems likely, therefore, that the clav particles of soil are prote,cted 
by some emulsoid material, such as silicic acid. The protection of colloids 
has been a recognized phenomenon for many years, and a suspension or 
suspensoid which is protected by emulsoid material is essentially a 
system possessing the properties of the XJrotective colloid. That siliceous 
and organic materials may function as protectors of the soil particles 
is manifest, and that such protection does occur is indicated by the 
greater amount of electrolyte required to flocculate soil clay than is 
required to flocculate kaolin^. Also, it seems reasonable to suppose that 
if a system of particles of all sizes is protected, the protection of the 
smallest particles may be sufficiently great to cause the properties of 
the protecting colloid to predominate, while with the larger particles 
their suspensoid nature may still prevail. The amount of silicic acid 
required to produce a systeju more easily precipitated from alkaline 
than from neutral suspension was examined synthetically. In the 

^ Zeitsek. phys. Uhem. 1905, 31, 150. 

« WolkoS, M. I„ Soil Scl. 1910, 1, 585. 
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experiment described O-O ingm. SiO,, was fonml to bo sutboieut to 
protect 300 mgm. of finely divided ferric oxide. 

It is interesting to notice that the eo ho need riocc-nlation of elac con- 
sequent upon the addition of alkoH to the suspension is verv inueh le.ss 
marked in the Welsh soils. The general description of these soils bv 
Robinson^ arid the earlier desci-iption of the (‘rinhstoiu' soil by llendriek 
and Ogg^ have reduced the tendency to draw general eonelusnms re- 
specting soil phenomena from limited observations. Tlie I'nndanii'ntal 
♦difference in the composition of these Welsh and Scotch soils from tliai 
of English soils has been shown to involve other tiindainenial dill'erences. 
and generalizations which apply to English soils are. sometimes found not 
to apply to these. It seemed therefore desirable to e.xatnine tlic stability 
of their clay fractions under the intiueuce of calcium ions, in iieniril 
and in alkaline suspension: and the result seem.s to show that the pro- 
tective colloids in these soils are quite, dill'ereiit Jroni those in Englisli 
soils. The clay of the Welsh soils behaves, however, differently from the 
silt, for aiiimoninm hydroxide has no marked retarding etlect upon its 
flocculation. 

The action of calcium hydroxide and of calcium bicarbonate as 
flocculants of clay has generally been regarded as anotnalons. On the 
one hand it has been taught that alkalies deflocciilate clay, ami on the 
other hand it has long been known that tlie above named alkalnH' 
compounds of calcium are lloceulants par c.nrtlviar. II the cmnlsoid 
character of clay is admitted then calcium hydroxide is seen to lie an 
ideal flocculant, for the calcium ions and the hydroxyl ions are. not 
W'orking in opposition, but in collaboration. Tlie hvdroxyl ions rcfnove 
the emulsoid from its isoelectric point and tliereby reiuh'r it less slablm 
and the calcium ions then coagulate tlm unstable (‘inulsoid. 

The difficulty which has existed in explaining the lioeeida.fmg aelnm 
of calcium hydroxide has sometimes resulteil in the stalement that pure 
calcium hydroxide does not flocculate clay. I his tc<if lting is k’ * y 
true when unprotected suspensoids or sus]Mmsions are. (.meerned. is 
also undoubtedly true of the action of calcium liydro.xide ” 

the larger soil particles, but it is diflicult to ImlicAc t i,it on \ m 
presence of carton dioxide, and after Us conversion n.to ca 
bonate, does lime floccidate soil clay. Vlien c.Kiuin i>ir«.':i. 
calcium bicarbonate are added in equivale.nl, .uuounts 
susperrsions, rterc is a qrucker and greater floccu ating ; g;;;;;’ 

hydroxide than from the bicarbonate, huthei. the »< . .- 

r r t • X' • ft ^ 

1 Jouni. Afjnr- 'V,?. 8, S.^s. 
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of calcium hydroxide is much more marked than that of calcium nitrate 
in equivalent amount. Ferric oxide, artificially protected by silicic acid, 
behaved similarly to soil clay, showing greater flocculation with calcium 
hydroxide than with either calcium bicarbonate or nitrate. 

The laboratory examination of flocculation phenomena is usually 
carried out by methods involving the use of a suspension in a column 
of water. The validity of such a method may reasonably be questioned. 
It cannot be held, without investigation, that the relative effects of 
electrolytes upon suspended soil particles is correctly indicative of their ■ 
relative effects on the soil m siUi. Experiments were therefore carried 
out in which observations were made of the influence of the bulk of 
water in which a given w" eight of soil is suspended, upon the relative 
effects of calcium hydroxide and calcium nitrate. The results show that 
W’hen the bulk of water in whicli a given weight of a clay soil is suspended, 
is large, the nitrate is nearly as good a flocculant as the hydroxide' 
wEcreas the hydroxide is much superior when the bulk of w'ater is small. 
By a kind of extrapolation the relative effects of electrolytes, or of the 
same electrolyte in different conditions of reaction, may reasonably be 
judged. The most strildng result obtains from a silt soil containing 
large amounts of elav (Field 27A, Garforth). Tn a small bulk of w^ater 
the alkaline flocculant is superior: in a large bulk it is very inferior. 

Now it is significant that decreasing the bulk of water in which a 
vSoil is suspended greatly enhances the efficacy of an alkaline flocculant. 
It has already been observed that alkalinity facilitates the flocculation 
of clay but militates against the flocculation of particles of higher 
dimensions. When the bull: of W'ater is lessened, i.e. when the clay and 
the larger particles are forced nearer together, the total system behaves 
more like clay and less like silt. When the bulk of water is increased, 
i.e. wdien the particles are brought further apart, the total system 
behaves more like silt and less like clay. It therefore appears that clay — 
itself a protected colloid — functions in the soil as a protective colloid, 
and that by suspension in a large bulk of wuiter the clay may be sufficiently 
removed from the silt to allow" the silt to function in an unprotected 
state. Siliceous and organic emulsoids appear to protect the clay and 
the clay appears to protect the silt. 

The general tendency for smaller particles to assemble around larger 
ones, wFen a suspension containing particles of different sizes is floccu- 
lated, is established in the wmrk of colloid chemists. “The electrolytic 
coagulation of colloids which contain particles of various sizes pro- 
gresses by the condensation of small particles on those of larger size 
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and not by the coaleseenco of imrticks of rlic .satiti' A rbr sin 

pension is fiocculatcd inacii more rapidly wlim lnytM- ;nv 

present, provided the proportion of the liiryer partuh-s to the elav i-^ 
not too great and provided also that tlie Imlh of water in whieh the 
system is suspended is not too large. 

If in the physical constitution of tlie soil the clay functions, no) 
only as a protected colloid, but also as a protyclive collnid t)f ),-ir:ter 
particles, the difficulty of ameliorating the texture of line dll miIU is 
*apparent., for in these soils the fine silt preseiil.s st) larg<' a smfaci' tlmt 
its protection by such uTnounts of clay as are cmninonty fmind in sill 
soils is inadequate. The possible amelioration of tlie texiure of linn silt 
soils might therefore be found iii one of two t rent me n is; eitlna in i!m‘ 
use of uon-alkatine flocciilants or in the application of fiiiulsoid ))i,i)ei'ials 
before liming. Laboratory experinicnts show tliiit ralciiim nltr.ale is 
►more efficient than the hydroxide and also tliaMivatmeiit witt) alkahn.' 
silicic <a(dd sols greatly enhances tlic fioconlatioii of tlicsi* soils by calcimn 
salts. It is intended to investigate this matter under field rondifions. 

There has long been a general recognition of the ])ccnh:n- mid pre- 
dominant position of the clay fraction of soil particles, and since the 
researches of Way on absorption the evidence for a sixM-ilie treognitioii 
has been acciiniulating. In recent work, for instance, flic leahserplmii 
of phosphoric acid, after its extraction from ttie soil, iias been shown l>v 
Russell and Prescott^ to vary with the amount of the clav fraction; 


aitd on the purely physical side. Keen^ has sliown that the to aporation 
of water from soils is a complex phenomenon when rompan-i! tin* 
evaporation of water from sand, silt or even chi mi chiy. Imt that nimii 
the colloidal properties of the soil fraction 'chyv' are dr.^m-vnl liie 
evaporation curve. .. becomes identical witii tliat giwM h\ s.iad <>i 
‘silt ’ ” IS'ow the different -and not onlv different loir mmirclv oiijs^sUe 
behaviour of clay from that of silt which is desenh.-d sw..i>^ 

strongly to indicate tliat the peculianlies of dav m relation to oihm 
particles arise not only from colloidal properties )mt trom u spirtal 
category of colloidal properties. iMiture developnwnts m the rtass. ,ea 
tion of 'colloids givo a move sueutific ,, lac and cl, turj. i.. 

these special properties; (or the (aewnt the vnaloiiaiiaai • "y"'"’- ^ 

of the text boohs is adopted, and by rcaaini of ltn|aiiaoav a 

behavioui of day and of silicic acid whid. has l.cca rdeed 


I Bvwlou, E. F.. n<- P/ir- 

Journ. of Agric. ko'. 8, Oit. 
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submitted that clay is an “emulsoid” colloid and imposes its properties 
as such upon the soil. 


Summary. 

“Silt,” like most insoluble substances, when suspended in water is 
most easily flocculated by calcium salts wh^ the suspension is neutral. 
The addition of alkali stabilizes the suspension and renders flocculation 
more difficult. Soil “clay,” however, beh^es in an opposite manner, 
and is precipitated from alkaline suspensions more readily than from 
neutral suspensions. Tn this behaviour clay resembles silicic acid and 
some other members of the so-called “emnlsoid” colloids, and it is 
suggested that the clay particles are protected by such colloids and 
thus behave as an “emiilsoid” and not as a “ suspensoid.” 

If this is true then the action of lime, which being alkaline neverthe-^ 
less flocculates clay, is seen to be in accordance with the facts of colloid 
chemistry. 

The view is advanced and some experimental support of it is de- 
scribed, that clay, as an “cmulsoid,” protects the larger particles which 
by themselves are “suspensoid.” The soil aggregates arc conceived as 
having large nuclei surrounded by particles which become smaller from 
the centre of the aggregate outwards, the clay ultimately imposing its 
“emiilsoid” nature on the whole aggregate, and on the whole soil in 
normal cases. Fine silt soils are not ffocciilated by calcium hydroxide on 
account of the inefficiency of the relatively small amount of “emulsoid” 
clay to protect the large “suspeiisoid” surface exposed by the fine silt. 
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THE DIGESTIBILITY OF STRAW AFTER 
TREATMENT WITH SODA. 

lir WILLIAM GODDEX. 

{Department of Agriculture^ the Unicersitif, 

The use of straw as fodder is beset by tlie double diiliculty that on the 
one hand its bulky character seriously limits the evtimt Ui whirli it laiM 
be consumed by the animal, wliilst on the other hinul its ioujtIi a.nd 
fibrous nature entails such a heavy expenditure of e’iH‘!';:v to secure the 
high degree of comminution and further preparation essimtial (or 
effective action of the digestive agents iliat only a (‘oinparativelv small 
surplus of energy remains ovei' to serve ))rodiictiM' nutritional ends. 
Thus it was found by Kellner and Kohler ^ in tin' case, of ont straw that 
of the total energy contained in liie straw nnlv dh-H per ciniI . \va.s usefully 
digested, whilst only 12-9 per cent, could he applied after dige.stimi to 
productive purposes, Tor wheat straws the corresponding ]miporlions 
were 31T per cent, and 5-0 per cent, respectively, 'riiese may he rou- 
trasted with the proportions of 49 per cent, and 2(i'T per cent, iiv 
spectively found by the same observers for meadow hay: a.nd tJie 
proportions of 74-9 per cent, and 45-9 per cent, res^iectively fmiml by 
Armsby and Fries for maize meal. 

These figures bring out clearly the disadvantage from wliich crude 
straw suffers as a feeding stuff in that not only does it sliow a low- 
digestibility, but even the digested portion is tuit as eliicie.nllv tdihseil 
as in the case of the material digested from othci' foods. 

The principal reason for the low digystilhlity of straw llndoul)f';d!^ 
lies in the fact that the digestible matters are embedded in imligcstible, 
lignified tissue whereby they arc protected to a considerable ex<en(: 
from the action of the digestive juices. Frequent attempts have been 
made to overcome this difficulty by grinding the straw io meal o, 
softening it by fermentation, the latter being tiie iiasis ol dm 
farm practice of feeding chopped straw with pulperl room or chaiTed 

greenstuff. 

> Tho work carried out in Ito In.tituto for Rrae.rrli i„ I ol il.- 

Department. 

! Vide Arraaby, TU Nutntim of Farm Animals, 101 / . p. ^60, 
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When measured in terms of digestibility, however, the improvement 
effected by these processes is not very great. The undoubted benefit 
realised in practice by the fermentation processes lies rather in the 
increased palatabihty of the straw, wliich secures heavier consumption. 

No real headway j^'as made in efforts to increase the digestibility 
an<l imtritive efficiency of straw until recourse was had to cheniical 
methods of removing the incrusting substances by treatment with acid 
or alkali. Of these the most successful have been the processes in which 
the straw is treated with soda or other alkaline liquors as in the pre-* 
para ti on of straw pulp for paper making. 

Attentioi^ was first directed to the possibilities of this treatment for 
feeding purposes by the experiments of Kellner published in 1900 which 
slmwed that straw pulp prepared for paper making by the sulphite 
process was higlily digestible by ruminants (88-3 per cent.) and but 
little inferior in nutritive value to an equal weight of starch. Inspired* 
by these results F. Lehmann examined the possibilities of adapting the 
process for use on the farm and in 1902 published particulars of a 
process for treatment of straw with caustic soda solution for which he 
claimed veiy satisfactory results, 

In J>ehniann’s process 100 kgms. straw was boiled with 200 kgms. 
water and 2 1 kgms. caustic soda in large iron boilers for six hours at 
a pressure of 4-5 atinospher(^ after which the product was washed 
with water until free from alkali and well pressed. By this treatment 
the digestibility of the straw \va.s found to be increased by about one-half. 

The process attracted inuch attention in Germany at the time and 
several plants were installed on farms, but it was apparently found 
uneconomical at the low’ level of values then obtaining, and despite 
improvements efiected from time to time little further headway was 
made until tlie economic upheaval occasioned by the war forcibly 
directed attention, especially in Germany, Austria and Scandinavian 
coiintries, tn tlie necessity of utilising home-grown fodder aupphes to 
tlie utmost possible advantage. 

Early in the war tlie German Government, faced with the impending 
failure of the supply of concentrated feeding-stuffs, decided to take 
measures to establish on a large scale the manufacture of a digestible 
fodder from straw by the soda process, the technique of which was 
rapidly being improved, By the end of the war numerous factories were 
at work with a large output of ‘‘straw concentrate^.” 

^ For a summary of the developments of the process dtiring the war cf. Journal of ih. 
Minialry of Agriculture, 191S), 26, 15. 
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In this country fortunately the gener-i] fodder situation never becatue 
SO serious as to necessitate such drastic measures, hut as t lie import t^!’ 
feeding-stuffs hecaiiie more and more diiheult and restrieteil it became 
necessary to take thouglvt as to tlie pnssil)ility of the more elbeieiit 
utilisation of the available supplies of liome-giowu fetaling stuffs. 
Accordingly in 1917 at the request of the Ikvird of .Vgrieulture fKootl 
Production Department) the writer undertook an c\ainina.tio!\ of the 
practical possibilities of the soda process for use in this oouiitrv iiiuler 
•the conditions then prevailing. 

It was realised that in view of the current situation there could be 
no question of developing the manuta.clure on the factor\’ scale as in 
Germany and that the most that would be pra.c(.ic;ible would be a com 
paratively simple process that might be ciHTied out on the fauan. with 
ordinary farm appliances, and involving a minimum l■e(|llirlMnent for 
“soda and fuck 

It was also desired if possible to avoid the ue.ce;ssity tor wa.s!iing 


the product free from soda, a process which is tedious and rct|tiiies anqile. 
water supplies. If these cuds could be seciireil the process might then 
be carried out on anv farm provided with appliant'cs lor stiMinnig tool. 

In the heating of the straw a certain amount of acid material is 
produced so that by regulating the iiro])ortions of stmw and soda, it is 
possible to obtain a product of iicAitral reaction which might llum 
perhaps be fed to the animals without wasliing. A number of pre 
liminary tests were therefore made in the lalioratory in ordci' to de.toi- 
mine the conditions requisite for obtaimng such a product. 

These experiments indicated that tlic desired mid could be seenroi 
by soaking chopped straw thorongldy in a I--) 1 )(M‘ cent, solution of soda, 
and then steaming for one hour, and a method of prcpa.ra.l ion tor use on 
the farm was accordingly devised on this basis ainl t(l^tnd at t u, aimi 
Farm, Garforth (Experimental Farm of the Iniveisity of hec s). 

In this method the chopped straw was thoroughly soaked overniglit 
in a 1*5 per cent, solution of caustic, soda, then well draine< a-tu lans 
ferred to the farm ^‘steamer;’ which consists of a vci Heal iron ^ x.i er. 
with loose cover and fitted with a stcaniqiipe deliwtin,^ st .im n 
base. Steam was blown through until the 

boil, and the steaming then continued for one lOur. le ^ 

the; removed, thoroughly drained, allowed to 

After prelitninary triak ha,i shown that J;;;, 

consume the product satisfactorily, anangemui^^s^'u^^^ 
bility trials with two sheep, the particulu , f' 


Joum. of Agric. Szl x 
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In order to determine whether the presence of the soda exercised 
any inlluence upon the digestibility of the treated straw, a quantity 
of the latter was washed with water until free from alkali and the 
digestibility of the washed product determined separately. In the 
following account these two products are referred to as ‘‘Crude Con- 
centrate'’ and “Washed Concentrate’’ respectively. 

In order to ensure an adequate supply of protein an addition of 
casein was made to the ration in the first period of the experiment 
(Untreated Straw), but in the later periods this was replaced by linseed, 
cake. 

The periods, each of I I days’ duration, with an interval of one week 
between each, were arranged as follows: 

Period I. Untreated Straw and Casein. 

,, 11. Crude Concentrate and Linseed Cake. 

,, in. Untreated Straw and Linseed Cake. 

„ IV\ Washed Coneenlrate and Linseed Cake. 

A little salt was also added to the ration in Periods I, III and IV. 

The average composition of the straw products used is given below : 



Crude 
Moisture protein 

‘*g 

True 

proteii 

Ether 
n extract 

Nitrogen- 

free 

extractives 

Crude 

hbre 

Ash 

8a nd 
% 

Uii(roate<l straw 

]2-ln 2'04 

l'G9 

l-7(i 

3824 

40-58 

4 63 

1-62 

(’riule concentrate 

7.5-Bl 0-31 

0-29 

0-38 

714 

14-49 

2-07 

013 

Washed concentrate 

CO 

p 

CO 

0-63 

0'76 

1407 

34-73 

2-08 

0*62 


Per cent ages on 

Dry Matter, 




Untreated .straw 

— 2‘34 

1-94 

202 

43-83 

46-51 

5-30 

1-86 

Cnuhi eoncentratft 

— C27 

M9 

156 

29-27 ■ 

59-41 

8-49 

1-53 

Washed concentrate 

' — . 1’20 

1'20 

1-45 

20-90 

66-45 

4-00 

1-20 


The soda treatment obviously caused a loss of crude protein, ether 
extract and nitrogen-free extractives, with consequent enhancement of 
the proportion of crude fibre. The total loss of dry matter in the pre- 
paration of the “crude concentrate” was 21) per cent., this rising to 
33-5 per cent, on washing to get the “washed concentrate.” 

The digestion coefficients arrived at are given on p, 441. 

The proportions of protein in the straw products were too small to 
permit of their digestibility being measured, the recorded results being 
indeed almost invariably negative. 

'■ Those <litTcr slightly from the aveiagcs given in a preUmintiry notice in the Journal 
of the Ifoard of Agriculture, 1919, 26, 20, hut the general conclusions there dra\^Ti are in no 
way aticcted by the changes. 
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A-part from this the results are fairly ooiisistent aiul in \n\ t^nixl 
agreement with those recorded by German expeiimentors. 


Um'KEATed Straw 



Sheep 1 

Sheep 2 

Mettii 

Total organic matter ... 

ol-2 

434 

47 -3 

Crude protein 


• 

'( 

True protein 

? 

■ 


Ether extract 

43() 

43-0 

43n) 

Nitrogen-free extractives 

434 

3o'7 

39i> 

eVude fibre 

e3(i 

“lllO 

(ilM 
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Sheep 1 

Shccji '1 

1 Mean 

Total organic matter ... 

74() 

09-8 

72'-J 

Crude protein 

- 



True protein 




Ether extx-act 

■i:y\ 

3411 

29-9 

Nitrogen-free extracUves 

138-9 

oS-T 

1)3 8 

Crude fibre 

84'7 

81 il 

83-3 


eRCiiR (\»\rKM-RAr' 
I Shot'p Mi‘, 




.‘‘M ilJ- 

sow SSI S’;- 

Lisst.kh Cvki' 
Sln'(.“[t 1 Slii'i']' - Mr; 


s:i-J 


7(il’ 

S4-S Sl'^ 

.S2 2 7<>2 Stl 

9()S !M 

77't) 71)-:. 7S 


It may be noted first tliat there is no ii.pprecial)le diiTerenee ot 
cUgestibility evident between the *■ crude concentrate’' and the - washed 
concentrate," but both show a very substantial improvement on the 
original straw, the digestibility of the orj](anie matter as a. whoh^ being 
increased by fully one-half. This improvement is indent in both the 
nitrogen-free extractive.s and the crude fibre, the two items which must, 
primarily determine the nutritive value of straw products 

With a knowledge now of the composition and digestibilit v n t lese 
straw products we are in a position to assess the ack.al enfiain-mnent of 
nutritive value that has been achieved l>v the treatment. Adapting 
the method developed by Kellner wo arrive at the following as i-e 
Starch Equivalents of 100 lb. dry matter in the untreated and tiea e 
products respectively : 


Untreated straw 
Crude concentrate 
Washed concentrate 


Mainlcnaiit'c 

lb. 

4S-1 

71-T 

73'9 


I’l'odui'ti'i. 

!b. 

diMj 

:5ilO 

d.’rl 


These figures indicate that for maintenance puiposcs the li, 

ongiEal dry matte, whilst for production purpose, d. v.dur. 
double, 
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It remains to be seen whether this enhancement of the value of the 
dry matter is sufficient to compensate for the loss of dry matter involved 
in the treatment, which, as previously mentioned, amounted to 20 per 
cent, in the case of the “crude concentrate” and 33*5 per cent, in the 
case of the “washed concentrate.” 

Yield arid Value of Produce from 100 lb. Straw Dry Matter. 



Amount dry 

Starch equivalent 


matter 

maintenance 

productic 


lb. 

lb. 

lb. 

Straw 

100 

48-1 

20-6 

Crude concentrate ... 

80 

57-4 

29-5 

Washetl concentrate ... 

66-5 

49- 1 

23-3 


These figures show that there is a clear gain of nutritive efficiency 
in each case, although in the case of the “washed concentrate” the gain 
is not very great. 

The economy of the process must naturally vary from time to time 
with fluctuations in the relative value of straw, soda and fuel. By 
bringing the strength of the residual liquor in the soaking tank up to 
1*5 per cent, after each treatment it may be made to serve for several 
batches of straw and an appreciable economy of soda thereby effected. 
This point was not specifically investigated, but it may be taken that 
for every 100 lb. of straw treated, about 5 lb. of soda will be used up. 

If we take for example a price of £5 per ton for straw with 20-6 per 
cent, starch equivalent (production), the value per unit of starch equiva- 
lent is practically 5a. On this basis the value of a ton of the “crude 
concentrate” in “straw-dry” condition would be roughly £7. 7s., to 
produce which 24 cwt. of straw valued at £6 would be used, leaving a 
balance of 27s. per ton of product to cover working costs and deprecia- 
tion of plant. 

Since these experiments were planned improvements have been 
effected in the soda process, the most important being that devised by 
Beckmann in which heating is entirely dispensed with, the straw being 
simply soaked for a period of not less than vsix hours in a cold solution 
of caustic soda. Digestion trials have shown that this process gives a 
product equal in nutritive value to those obtained by the processes 
involving heating with soda. 

All these processes suffer from the practical disadvantage that caustic 
soda is troublesome to handle and not without risk for labour ignorant 
of its properties. This difficulty might be overcome by using a mixture 
of lime and sodium carbonate, or possibly by using sodium carbonate 
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alone. Experiments are quoted by which indicate tliat 

boiling with, sodium carbonate may be as odeciive for practical pur])oses 
as treatment with sodium hydroxide. 

There is obviously need for much further investigation of the possi- 
bilities of soda treatment before a final opinion can be ex]U'e..ssed as u> 
its merits for introduction into farm practice. 


Expeufmental. 


In order to discover the most satisfactory conditions for treatin'.; 
the straw so as to obtain the best product with a minimiim expenditure 
of time and material, the following preliininary experiments were con- 
ducted in the laboratory. 


VolKnw of Liquor refaimd by Strau' in (hoined condition. 

Very finely chopped oat straw was used and 'it was found tliat. if 
such material was left in a funnel overnight in contact \\'ith an excess 
of 1‘5 per cent, cold aqueou.s sodium hydroxide and the excess liquid 
allowed to drain away in the morning, 100 gins, of Mie straw absorlnni 
370 c.c. of the soda solution. In all the subsequent experiments, there- 
fore, unless otherwise stated, the materials were used in this jii'oportion. 


Influence of Duration of Heating on Com position of Si rum. 

Twenty-gram lots of the straw were heated in steam witli 1 1 of 
the 1*5 per cent, soda solution for one, two and three hours n‘.s])ecti\ el\ 
at atmospheric pressure. The resulting products were, pnveticallv neut ral 
to litmus paper, and on them determinations of crude fibre,, soluble 
organic matter and ash were made, the results, exiH'essed as perceutages 
on the dry matter, being as follows : 


Original straw 
After steaming 1 lir. 

,, 2 hrs. 

3 hrs. 


Crude 

Sulubi'- orgiUiit- 

Ash 

fibre 

iiirtttcr 

*^0 



48-32 

0 53 

773 

45-08 

18-18 

13-2T 

46-14 

IS-87 

1,3-35 

40-05 

10-22 

13-10 


Tkus it may be seen that, prolonging the steaming to three l.onrs lia.l 

"•« "• 

of the Enat product, c.ycept possibly to gne a eig 
,.f »nlnblc - 


. m aroM./.cW, (f,nil Parry. Krrlin, 1919), 



444 The BigestibiUty of Straw 

Influence of Temperature on Digestion. 

Steaming at, a higher temperature was then tried, the materials 
being heated in a steam autoclave at 115“ C, In this experiTuent the 
volume of alkali used was increased in one case and its concentration 
in another, The results for crude fibre except in the case where a large 
excess of alkali was used are of the same order as those from the previous 
experiment. In all cases the percentage of soluble organic matter in 
the product was considerably increased. 


20 gms. .of straw heated in an autoclave at 115“ C. 



Crude 

Soluble organic 


fibre 

matter 

+ 74 c,c, (l o % NaOH) for 1 hr. 

45 38 

23 84 

+ 74 c.c. ( l i) % NaOH) ior hra. 

48-66 

24-66 

+ 200 c.c. (I'T) % NaOH) for 2 hrs. 

54-33 

29-20 

+ 74 c.c. {2'0 % NaOH) for 2 hrs. 

45-46 

28-70 


Influence of Digestion on Total WeAght of Drg Matter. 

This experiment was repeated, and the actual weights of total dry 
matter and crude fibre in the straw before and after heating w’ere de- 
termined, allowance being made on the total dry matter for the sodium 
hydroxide present. 



Total dry 

Crude 


matter 

fibre 


gms. 

gins. 

Original straw 

17 86 

8-63 

+ 74 c.c. (1-5 % NaOH) for 1 hr. 

18-10 

9-02 

1-74 c.c. (1-5 % NaOH) for 2 hrs. 

18-30 

9- 14 

+ 74 c.c. (:>-0 % NaOli) for 2 hrs. 

18-48 

9-05 


The results indicate that there was no loss of dry matter by removal 
of any volatile material during the heating, and the weight of crude 
fibre was practically constant. 

In all of these experiments it was found that the product obtained 
when 74 c.c. of the 1-5 per cent, soda solution was used was practically 
neutral, but that the use of the stronger alkali (2 per cent.) gave an 
alkaline product. 

Method of prepa ring the food. 

As a result of the preliminary experiments, the following procedure 
was adopted in preparing the straw. 

(a) Crude Concentrate'. 24 lbs. of the chopped straw was soaked 
overjught in a sufficient volume (about 10 gallons) of 1*5 per cent. 
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aqueous sodium hydroxide in a large galvanised iron tank. 'Ihe next 
morning the straw was removed from (he liquid, iliained and tinns- 
f erred to a large steamer. Steam was blown through the mass untd it 
was all heated up and the steaming was tlum emitinned for one lumr. 
When cool the straw was removed from the steamer and drained, anv 
liquid draining away being collected. The mateiial was then ]uessrd m 
a cheese press, the expressed liquor being culleeted. d’he haid cake was 
broken up, exposed to the air in a thin layer f(U' two days, and lluai 
.stored in a sack. This process of pressing and drying the material is not 
necessary for feeding purposes, but was done in order to faeilitate 
sampling during the feeding trial. The liquid which drained away or 
was pressed out was mixed and its volume measured. .V pi-ojiorlionatt' 
amount was added each day to the dry treated straw prior to feeding, 
the mixture thus prepared being the “crude concentrate. ' 

{b) Washed Concentrnfe: The straw was soaked in alkali and stea.med 
as above, and then removed from the .steamer and soaked in cold water. 
This steeping water was drained away aaid renewed eaeh day lor lour 
days, at the end of which time it was only a very pale yellow in eolonr 
and neutral to litmus. The material was then drained, pressed and air- 
dried as above. 


Loss of Dll/ Maftcr inroircd In Proir-<s. 


To determine the loss of dry matter liy tliese two ])i'oresse.s To gm. 
lots of the straw were subjected to treatment with l-o per cent. .<o<la. 
solution in the laboratory, under conditions as nearly ('on)]iarabl(‘ as 
possible with those on tlie large scahu e.\ce])t that tlo' crmle eo)iceiitra.te 
was only drained and not pressed. The following data, are the. mean ot 
two tests in each case: 


Dry matter in straw at commenrement 
Dry matter in crude concentrate alter 

soda used 

Dry matter in “Washed Concentrate” 


allowing' for tlu' 


fniis. 
07 2tl 


44-70 


Percentn/je Lons oj D> 


Malin- 


in preparation of “Crude Conceniratf' 
In preparation of “Waslied Concentrate 


S.'t-ri 


Fkedinc Tri.m.^;. 

A preliminarv tri.<il with a ewe haviiij; shown that she woul.l e.„,. 
sume a satistactm-y amount of fresh straoe or of tlm - erm le e.e.eei.. rat e 
two wether sheep, weighing about 7U II). eaeh, were ol)ta.n..a lor tin 
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actual digestibility trial. The arrangements for feeding and for collecting 
the faeces and urine separately were the same as those used by Crowther 
and Woodman^ in their work on the digestibility of palm kernel cake. 

The food supplies were weighed out for each meal, the quantities 
being regulated so that complete consumption was effected. Composite 
samples of each food were made twice weekly, portions being reserved 
daily in air-tight bottles for the purpose. On these samples moisture 
determinations were made and from them one composite sample re- 
presentative of the whole period was prepared for complete analysis. , 

The fresh faeces were weighed daily and aliquot portions were re- 
served in air-tight bottles, composite samples being made twice weekly. 
These composite samples were passed through a small sausage mill and 
the percentage of moisture was determined in duplicate by drying large 
samples in an air- oven at 65-70° C. The dry matter was then ground, 
exposed to the air in thin layers for several days; a composite sample 
for each period was prepared and on this determinations of moisture, 
crude and true protein, pep sin- soluble nitrogen, ether extract, crude 
fibre, ash and sand w’ere made. 

The determinations of total nitrogen in the fresh faeces were made 
twice weekly in triplicate. Comparison with the total nitrogen in the 
dried faeces indicated a loss in drying and storage ranging from 044 
to 5*29 per cent, (mean 1*68 per cent.) of the total nitrogen. 

The sheep were supplied with water ad lib., no record being kept of 
the actual consumption. 

The general arrangement of the experiment is shown in the following 
schedule. 


Period 

No. 

Date from and to 

Average daily ration 

Nutritive 

ratio 

I 

June 27-July 10 

114-0 gms. casein 
+ 34L-0 gms. oat straw 
- 1 - 15-0 gms, salt 

1:1-8 

II 

July 18-31 

464-4 gms. linseed cake 
-1-852-48 gms. treated straw 
-t- 600-0 c.c. of expressed lir^uid 

1 ; 4-5 

III 

August S-21 

454-4 gins, linseed cake 

4- .34 1-0 gms. straw 
•f 15-0 gms. salt 

1:3-3 

IV 

August 29-Sept. 1 1 

454-4 gmg. linseed cake 

1:4-2 


+ 5G8-0 gms. “Washed concentrate” 
•h 15-0 gms. salt 


Journ. of Agm. Science, 1917, 8, 429. 
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The average composition of the feeding stuffs is given in Tiihle I 
and of the composite samples of faeces for each period in Table II. 

Ta ble I . Average. Co nt pos it ion of Fend ing Si nlfs . 


Moisture 

protein protein extract 

cxlnu'tit’cs 

lilitv 

.^sh 



Period 1 . 





Casein 

13'55 

76-04* 7604 

012 

2 S4 


T'4,7 

O.Htli) 

Oat straw.,. 

12-04 

2-03 1-67 

1 -58 

38t»4 

40-40 

5111 
(1 37) 

Salt (all periods) ... 

3-21 

— 


— 


OtvTO 

(0-051 



Period //. 





Linseed cake 

12-69 

31-70 24-81 

,t1S 

3 6 -.'id 

S-K4 

5-03 

(0-23) 

Treated straw 

61 42 

0-37 0-36 

(t-H.’i 

9 ‘IS 

24-87 

2 71 
;0-23 

Expressed liquor 
gniB. per 100 c.c. ... 

9715 

0-23 0-20 


3 23 


1-21 

• 


Period If I. 





Linseed cake 

12 64 

31-72 24-82 

5-18 

3tv.58 

S'H.5 

.5-03 

(0-J3! 

Oat straw 

13-47 

205 1-70 

i-92 

37-54 

40-77 

1 2,5 

(l-SO) 



Period JV. 

♦ 




Linseed cake 

12-64 

31-72 24-82 

,")'1S 

ath'iK 

8-85 

.5(13 
(0 23) 

Washed concentrate 

47-73 

O-OS 0-63 

0-76 

!4 07 

34 73 

2(>s 

0I■(I2) 


The figures in brackets in the last column are tlie |j(“reentag( » of f'tuui m I lx 

stuffs. . 1 I . I) 

• pepsin-insohible protein in casern 2' Ifi 

In order to arrive at a measure of tl.e “metabolic prot«i,,“ ... tbe 
faece,s, the amount of pepsi.nsoluble nitro,,m w.rs ,let.™..e.l .uj-h 
composite sample. The results for the foi.i' per.o. s f;.\i v. 

0-39 gm. (average O'SCnb gm.) per 100 gms. of org.uuc ...aHer ,iigc 0.1 
for Sheep 1, and 0-44-0-54 gm. (average O-IO gm.) foi . .cp -■ ■ 

values are slightly lower than the results ; ; 

Woodman! .,nd are in fairly close agrec.ne..t «,ft. tl,..se 

Kellner^. 

1 loc.cit. , . , 

* Die Jirndhrung der hndw. Nuizhere, 1 An . p. • - 
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Talile II . Average iveigJd and camfosition of Faeces. 


Hkeeg 1 . 



Period I 

Period II 

Period III 

Period IV 


gms. 

gms. 

gm.s. 

gms.. 

Wc'ij^ht of fresli faeces daily ... 

297') 

531-8 

605-8 

488-9 

Weight of dry matter daily ... 

lo7-8 

200-2 

2o2-5 

187-7 

(Composition of Dry Matter. 




% 

% 

% 

% 

Crude protein* ... 

7-73 

16-05 

10-61 

16-47 

Kther extract ... 

1-92 

3-09 

2-32 

2-87 

Nitrogen-free extractives 

47fiti 

36-01 

43-44 

33-06 

(Jriide fibre 

31 '80 

3043 

33-04 

33-56 

Asht 

10-89 

13-92 

10-59 

14-04 

* Including true protein 

6-87 

1507 

9-89 

15-60 

* Including pepsin -insol. protein 

4-59 

10-10 

6-92 

9-93 

t Including sand 

317 

3-68 

2-65 

3-33 


^heep 2 , 





gms. 

gms. 

gm.s. 

gms. 

Weight of fresh faeces daily ... 

404-5 

709-9 

863-3 

575-1 

Weight of dry matter daily ... 

181-4 

206-2 

276-3 

• 

202-0 

Composition of Dry Matter. 




“o 

% 

% 

w 

/o 

Crude protein* ... 

7-79 

17-36 

11-58 

17-02 

Kther extract ... 

1-G7 

2-93 

1-96 

2-25 

Nitrogcn-frcc extractives 

47 08 

37-25 

42- U 

33-18 

{'rude 111 )re 

33-05 

27-82 

33-55 

33-62 

Asht 

10-41 

14-64 

10-80 

13-93 

* Including true protein 

8-74 

15-48 

10-43 

15-69 

* Including popsin-inaol, protein 

4 25 

10-39 

6-60 

9-67 

t Including sand 

2-69 

3-74 

2-46 

3-31 


Digesfihdiig of original Oat Strcnv. 

We may now consider the results obtained in the different periods 
of the experiment, taking first Period 1, in which oat straw and casein 
were fed. Conmiercial casein was added to the oat straw in order to 
supply the necessary protein to the ration, it being chosen as the 
simplest digestible protein obtainable in bulk and likely to contain 
little or no crude fibre or nitrogen-free extractives as impurities. Apart 
from protein, the sample used contained only 3 per cent, of organic 
matter, mo.st of which consisted of nitrogen-free extractives, 'which 
were assumed to be digestible. Determinations in vitro showed that the 
material contained 2*1 G per cent, of pepsin-insoluble protein, and, for 
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the purposes of calculation, this value was taken as 
digestibility of the casein. The es.sential data and tin- di 
deduced therefrom are .siimniarised in 'ralT' 111, 



a uieasun' of llir 
^estion eoalheients 
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The average coefficients agree fairly well with the following averages 
of nine experiments as given by Kellner. 


percentage digestibility 

Range of variation Average 
% % 


Organic matter 

40-61 

46 

Crude protein ... 

21-29 

23 

Ether extract 

21-41 

36 

Nitrogen- free ex tract! voa 

29-52 

39 

Crude fibre 

47-73 

55 


On the whole the sample of oat straw used was above the average 
digestibility as indicated by Kellner’s figures. 

Owing to the fact that the sheep did not appear to be doing well 
upon this ration it was considered advisable to substitute linseed cake 
for the casein, as a source of protein in the other periods. It was, in 
consequence, necessary to introduce an extra period (Period III) into 
the experiment for the purpose of determining the digestibility of the 
linseed cake. Both sheep showed great improvement due to this change 
on to linseed cake. 


Digestibility of Linseed Cake. 


The results of Period III may be considered next in order to arrive 
at the digestibility coefficients of the linseed cake. These are summarised 
in Table IV, wffiich indicate.^ also how by deducting the contribution of 
the oat straw to the faeces as ascertained in Period I, the digestibility 
'of the linseed cake is arrived at. * 


The concordance* between the two sets of results is very good. The 
average results agree very w^ell wdth the following avtrages of fourteen 
experiments as given by Kellner, 


Percentage digestibility 
Range of variation Average 
% ’ % 

Organic matter 74-88 79 

Crntle protein 80-90 86 

Ether extract 86-97 92 

Nitrogen-free extractives 60-96 78 

Crude fibre 0-92 (32) 

So far as digestibility is concerned little fault could be found with 
the linseed cake used in our experiment. 



Table IV. Period HI (Oat Straw and Linseed Cake). 
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('or reeled Digest ibility of Fr olein. 



Sheep 1. 

Sheep 

2. 


Crude 

True 

(/Ride 

True 


pititeiu 

protein 

protein 

protein 

Total jxjpsiu- insol, protein voided j^ms. 

17- 17 

1747 

18-16 

18-16 

Deduct for oat straw gms 

4-S3 

4’87 

5-30 

5-34 

Pepsin-insol. protein voided from lin- 





seed cake gins. 

1204 

12-60 

12-86 

12-82 

Di^O-slion coefficients % 

91 20 

88 '80 

9M0 

88-60 


Average; Crude protein 91 '2 %*; True protein 88-7 %. 

* Coefficient determined by treatment of the cake with pepsin-HCl was 92'0 %. 

Digeslihility of ''Crude Concentrate.'' 

Considering now the records of Period II in which the crude con- 
centrate was fed along with linseed cake, these are summarised in liable V. 
Kor the purpose of calculating the digestibility coefficients, the treated 
straw and expressed liquor are combined as one foodstuff, since, in 
ordinary practice the liquid would be left in the straw and not pressed 
out prior to feeding. 

In this period it was very difficult to get accurate collections of the 
faeces, more particularly from Sheep 2, owing to the fact that the faeces 
were soft and tended to adhere to the collection bag. In view of this 
fact, the agreement between the records of the two animals must be 
considered as good tliroughout. 

It was not possible to obtain results for the digestibility coefficients 
of the protein in the crude concentrate, since, after making due allow- 
ance for the metabolic nitrogc]! and undigested nitrogen from the 
linseed cake in the faeces, it was found that for both sheep apparently 
more protein was voided than was fed in the straw. Similarly it was not 
])OS.sible to arrive at an accurate figure for the pepsiii-insoluble nitrogen 
in the crude concentrate itself as in every case, after taking all pre- 
cautions, the results obtained were higher than those for the total 
nitrogen in the straw. As a result of treatnient with the alkali at steam 
temperature, the straw had probably undergone some change in its 
physical character which caused a very marked increase in its absorptive 
capacity, some of the nitrogen of the pepsin being apparently retained. 
These remarks probably apply also to the faeces from this period, and 
consequently the pepsin-insoluble protein results for the faeces are not 
correct. It is possible that some of the digested protein of the linseed 
cake may have been retained by the undigested straw and excreted 
along ^Wth it, thus giving rise to a further error. It should be noted that 



Table V. Pet'iod II (Linseed Cake ^ “Crude Concentrate” 
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the amount of protein contributed by the treated straw to tl, 
is only 3 per cent, of the total protein in the ration. 




Digestibility of Straw 

Digestibility of “ Washed Concentrate.'^ 

The records of Period IV, in which the “washed concentrate’' 
fed along with linseed cake, are suiumarised in Table VI. 
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^ On the whole the records of the two sheep in this period sl„nv . 
fairly close agreement, although not so close as i„ I'eriod II \.,.un it 
was not possible to obtain results for the digestibihtv (■oetlieie>,ts’'of the 
protein in the “washed concentrate." 'I'he result obtained nlr„ iv,s 
9-7 percent. This is probably low but indicates t liat.as mn-ht be c.spirl cd 
a considerable proportion of tlie digcstil.le protein i„ I'he ori.nual „„t’ 
straw had been removed by the steaming with I-.", p,.,- eeiit. .soda 
solution. 


Nitrogen Balance. 

As the urine was collected and measured from eacli shee]> 
the experiment, and bhweekly nitrogen determinations nnult^ oirt-oiu- 
posite samples, it is possible to give a complete survey of the utilisation 
of the food nitrogen, as shown in Table Vll. 


Table VII, Ndrogen Htiiance, ‘ 

XltroKeii VDiiluit rOaimVt't 1 

JNitrafreii (arfrajife |>«i- iliiyt ,ir lout [ - 1 


Period 

Nature of ration 

S 1 U..P 

(av. ptT (lay) 
gniK. 

In fa(;ce(( 

KIIIH. 

111 uriil 

Kinn. 

Total 

tiy slu‘i‘ii 
(av, }H-r (la 

I 

Casein + Oat straw 

1 

14 -ti 7 

1-97 

14 30 

Hi -27 

■ I-(iO 



2 

1407 

2-30 

1004 

18 - 3-1 

3-(>7 

II 

Linseed cake + Crude 

1 

23-78 

. 1-32 

14-10 

19-42 

t- 4-30 


concentrate 

2 

23-78 

o- 8 o 

13-70 

19 -. 7 -> 

f l 23 

III 

Linseed cake + Oat 

1 

24-18 

4 -o 3 

19-07 

23 -(iO 

■CO oS 


straw 

2 

24-18 

5-30 

18-34 

23-04 

i o -:)4 

IV 

Linseed cake -j^Washed 

1 

23-()4 

4-97 


20-12 

1 3-.12 


concentrate 

2 

23-64 

o'Ol 

14-40 

20-01 

i 3-(53 


It will be observed that the maximum retention of nitrogim occurrctl 
with both sheep in Periods TT and i\' when the nitrogen consiimefl 
averaged about 23*7 gras, per dav; when this nitrogen was increased 
slightly (Period III) there was a considerabii^ diitiimilioti in tlie niiT()g(*ri 
retention. In Period I where the nitrogen consumption droppi'd to well 
below 20 gms. per day there was a decided negative nitrogen liaiance 
with both sheep. 

In view of the fact that straw contains a considerable proportion of 
pentooans, it was thought of interest to follow the excretion ol j)(>ntoses 
in the urine throughout the e.xperiment. Accordingly a coin]iosil(' .sumplc 
was pref)ared each week, toluene being used as a preservative, ami I in* 
pentoses present were estimated therein by Tollens nietluxl, 'I lie results, 
as given below, show that the result of tlie treatment of tiu* straw wifli 
soda was to thro^w up the amount of pentoses excreted, esjiix'iaily in 
Joum. of Agric. Sci. x 
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the case of the crude concentrate, as indicated by comparison of the 
results from Periods II and III. 

Total peatoaes excreted in urine 
per period 


Period 

Sheep 1 
gms. 

Sheep 2 
gms. 

I 

3-57 

0-98 

n 

609 

5*34 

lU 

2-92 

3-38 

IV 

306 

4-30 


The increased excretion of pentoses apparently did not interfere 
with the general well-being of the sheep. 

In conclusion, I desire to express iny indebtedness to Prof. Charles 
Crowther for initiating this work and making many valuable suggestions 
during its progress and in the subsequent compilation of this paper. 


{Received July llth, 1920.) 



DIGESTIBILITY OF ?F.XV MOSS AFT1-:k 
TREATMENT WITH ACID. 

By william GOJ)r)EN. 

{De‘pariiiien( of AgricuU'ure, the Unicersit}/, Lrols.) 

In connection with, the experiments described in tlie f(n'c<roinjr paper 
the opportunity was taken of determiniiijf tin', (ii^e.slibilitv of a ])ro- 
prietary product suggested for use as a feeding-stnlf. wlueh was nuiile 
bv subjecting fineE-shredded peat moss to the action of lt\'dr{>cldoric 
acid gas, and subsequently expelling tlie latter from the residual i^roduet. 
By this treatment appreciable quantities of reducing sugars aia^ ]»ro- 
duced in the peat moss, amounting in some cases, it is churned, to lo 
or even 20 per cent. 

For the purpose of the digestion trial a further jieiiod (Ihu'iod \) 
was added to the experiment desciilied in tlie loregoing paper, in wliieli 
period the sheep received per head daily the tollowing ration: 


284‘0 gma. 

Linseed cake 

284-0 „ 

Treated peat iiins.s 

227-2 „ 

Oat straw 

15-0 „ 

Salt 


The linseed cake \vas ground to meal and mixed with the ])e.at moss 
just before each meal was given. 

The composition of the various foods usetl was as follows. 

Nitr(>g('n- 

Crude True Ether free _ Oude 
Moisture protein protein extract e.\lrHetiv(‘s li ite .i. ri 
^ % “o % '' 


/ 

Linseed cake 

11-98 

.‘U 55 

24-3fi 

0-3ti 

35-54 

{i-:iu 


Peat moss 

22-57 

4-87 

4-24 

3-44 

42-18 

20<i» 

(l-UU 

(1-02) 

Oat straw 

14-57 

2-24 

1-85 

1-08 

38-29 

:i8-ii 

5-11 

(2-13) 
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The average composition of the composite sarnple of faeces for tfie 
period is given in the following table; 



Sheep 1 

Sheep 2 


gms. 

gms. 

Weight of fresh faeces daily 

765-3 

779-3 

Weight of diy matter daily 

.337-3 

346-9 

Composition oj Dry 

Matter. 


Crude protein* 

% 

10-66 

% 

11-51 

Ether extract 

3-23 

2-75 

Nitrogen-free extractives... 

50-86 

49-56 

Crude fibre ... 

26-87 

27-22 

Ash-f 

8-38 

8-96 

* Including true protein ... 

10-16 

10-76 

* Including pepsin -insoluble protein 

? 

? 

t Including sand ... 

2-64 

2-55 


DlGESTiniUTV OF THE TREATED PeaT MoSS. 


This period is comparable with Period III of the preceding experh 
ment, except that a portion of the oat straw and of the linseed cake was 
replaced by the treated peat moss. The latter was introduced gradually 
into the ration, the amount being increased until equal weights of peat 
moss and linseed cake (ground to meal) were being fed. 

Corrected Digestibility of Protein. 

Excluding the results for the “Ether Extract” the records of the 
two sheep are in fairly close agreement throughout. The digestibility 
of the peat moss is extremely low even as compared with the original 
untreated oat straw. 

Attempts to arrive at an accurate figure for the pepsin-insoluble 
nitrogen in the faeces from either sheep were not successful, as, iu every 
case, the values obtained for pepsin-insoluble nitrogen in the faeces 
were equal to or even slightly higher than the value for total nitrogen. 
The same remark applies to determinations of pepsin-insoluble nitrogen 
in the peat moss itself. Apparently both the peat moss and the faeces 
resulting from feeding it exert a strong absorptive action for nitrogenous 
substances, since prolonging the pepsin -HCl digestion to four days and 
washing the insoluble residue for a long time did not appreciably lower 
the values for pepsin-insoluble nitrogen. 

Tf we assume the protein to be one-third digestible and further assume 
an “efficiency factor” (“Wertigkeit”) of 80 per cent, we arrive at a 
starch equivalent (production) of L5> i 'per emt, for the treated peat moss. 
This although a sensible advance upon the value of raw peat moss still 
leaves it well within the class of low-grade fodders. 



Grade 
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